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ABSTRACT 


"Permanent  Deformation  (Rutting)  Characteristics  of  Binder 
Aggregate  Mixtures  Containing  Conventional  Asphalt  and  Modified 
Binder"  is  a  joint  research  project  involving  University  of 
California,  Berkeley  and  Montana  State  University  (MSU) . 

The  investigation  of  mixtures  containing  various  binders  using 
the  Marshall  mix  design  procedure  was  conducted  in  MSU.  Based  on 
the  88-89  research  on  the  "Effect  of  Commercial  Modifiers  on  the 
Physical  Properties  of  Montana  Asphalt",  Kraton  4141G  and  Polybilt 
copolymer  modifiers  and  Cenex  and  Conoco  asphalts  were  selected  for 
this  research  work. 

The  results  of  the  testing  on  1989  asphalts  from  the  same 
sources  gave  an  opportunity  to  compare  with  the  1988  results.  The 
asphalt  tests  such  as  penetration  at  77°F  and  39.2°F  and  ring  and 
ball  tests  were  carried  out  to  observe  the  consistency  of 
unmodified  and  modified  asphalts.  This  proved  that  a  particular 
asphalt  can  be  modified  to  give  consistent  asphalt  properties. 

The  Marshall  mix  design  method  involves  many  variables,  such 
as  aggregate  gradation,  asphalt  mix  and  compaction  temperatures, 
operators  and  equipment.  The  variables  have  definite  effects  on 
the  results  as  demonstrated  from  the  results  of  tests  conducted 
with  controlling  different  variables.  Marshall  test  parameters  such 
as  stability  and  flow,  void  ratio  were  not  affected  by  the 
modifiers  significantly  while  density  was  lowered  to  some  extent. 
Experimental  design  ANOVA  analysis  indicated  that  stability  and 
density  values  were  not  significantly  different  for  modified  and 
unmodified  asphalt.  But  these  values  were  significantly  different 
for  controlled  and  split  aggregate  and  for  50  and  75  blows 
compaction. 

The  impact  of  Kraton  and  Polybilt  addition  to  the  asphalts, 
as  determined  by  Marshall  stability  and  flow  values  at  optimum 
asphalt  content,  were  negligible  considering  the  variation  normally 
observed  with  this  test.  Thus,  the  modification  of  asphalt  binder 
does  not  significantly  alter  the  outcome  of  Marshall  mix  design 
procedures . 

A  deviation  in  fines  (low  side)  in  aggregate  gradation  from 
the  specification  can  result  in  high  optimum  asphalt  content  and 
high  void  ratio  at  higher  percent  of  asphalt  content.  The  Marshall 
mix  design  can  be  used  for  the  modified  binder,  as  for  any  other 
conventional  asphalt,  to  obtain  optimum  asphalt  content  and 
Marshall  test  parameter  values.  However,  it  is  hard  to  conclude 
from  the  observation  of  the  Marshall  test  results,  alone,  whether 
the  modified  asphalt  will  improve  the  permanent  deformation 
characteristics . 
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INTRODUCTION 


"Permanent  Deformation  (Rutting)  Characteristics  of  Binder- 
Aggregate  Mixtures  Containing  Conventional  Asphalt  and  Modified 
Binders"  is  a  joint  research  project  involving  the  University  of 
California,  Berkeley  and  Montana  State  University.  The  purpose  of 
the  project  is  to  study  the  permanent  deformation  characteristics 
of  binder-aggregate  mixtures  containing  conventional  asphalt  and 
modified  asphalt  binders  subjected  to  repetitive  applications  of 
stresses  resulting  from  increased  tire  pressure  associated  with 
increased  truck  axle  loads  and  the  use  of  radial  tires. 

The  investigation  of  mixtures  containing  various  binders 
using  the  Marshall  mix  design  procedure  was  conducted  at  the 
Montana  State  University.  The  California  Stabilometer  methodology 
together  with  creep  and  repeated  load  tests  in  both  the  axial  and 
shear  modes  are  being  performed  at  the  University  of  California. 

During  88-89,  the  initial  research  on  asphalt  modifiers  was 
performed  at  MSU  ("Effects  of  Commercial  Modifiers  on  the 
Physical  Properties  of  Montana  Asphalt") (1) .  It  was  found  that 
two  modifiers,  Kraton  4141G  from  Shell  Chemical  and  Polybilt  from 
Exxon  Chemical,  improved  the  asphalt  properties  to  a  greater 
degree  than  the  other  modifiers  tested.  Kraton  is  a  thermoplastic 
block  copolymer  rubber,  while  Polybilt  is  a  copolymer  of  ethylene 
vinyl  acetate. 

In  the  present  study  of  the  mix  design,  two  conventional 
Montana  1989  asphalts,  Cenex  (Laurel)  and  Conoco  (Billings) ,  and 
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four  modified  asphalts  (both  asphalts  modified  with  Kraton  and 
Polybilt)  were  used,  The  grade  of  asphalt  used  was  120/150 
penetration.  Samples  of  the  same  aggregate,  conventional  asphalt 
and  modified  asphalt  are  being  used  in  the  Soil  Mechanics  and 
Bituminous  Material  Laboratory  of  University  of  California. 

The  results  of  the  testing  on  the  1989  asphalt  from  the  same 
source  gave  an  opportunity  to  compare  with  the  results  of  the 
1988  asphalt.  Standard  asphalt  tests  were  run  to  check  the 
consistency  of  the  parameter  values  with  those  of  the  1988 
asphalts. 

Since  Montana  State  University  is  using  the  Marshall  method 
of  mix  design  for  the  investigation  of  the  modified  asphalt,  it 
is  appropriate  to  study  the  state-of-the  art  status  of  the  method 
itself,  which  has  passed  several  stages  of  evolution.  Current 
practices  of  the  method  were  reviewed  and  discussed. 

The  mix  design  procedure  has  already  been  established  for 
the  conventional  asphalt,  and  the  behavior  of  the  asphalt  cement 
is  well  known.  The  user  and  contractor  are  well  versed  with  the 
method  for  conventional  asphalt.  The  modified  asphalt  is  new  to 
the  user  agencies  and  contractors  and  both  are  skeptical  about 
it.  The  questions  raised  in  the  prebid  conference  (11/89)  at 
Montana  Department  of  Highway  (MDOH) ,  Helena  were  1)  What  are  the 
storage,  mixing  and  compaction  temperatures  of  the  modified 
asphalt?  2)  How  is  it  different  from  the  conventional  asphalt  for 
storage  and  use?  3)  Will  it  take  greater  compaction  effort?  4) 
Where  and  how  is  the  modifier  mixed  with  the  asphalt?  5)  Who  will 
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mix  the  modifier?  6)  What  are  the  risks  involved  in  modified 
asphalt?  7)  Who  will  be  responsible  for  the  modified  asphalt 
specification? 

The  physical  asphalt  test  parameters  such  as  penetration, 
viscosity  and  ring  and  ball  softening  points  are  improved  greatly 
by  modification  of  the  asphalt.  Will  this  improvement  reflect  in 
the  mix  design  parameters  and  thus  reduce  rutting  problem? 

The  following  section  discusses  the  Marshall  method  and 
parameters,  materials,  methods  and  procedure,  results  and 
conclusions. 


MARSHALL  METHOD  OF  MIX  DESIGN 
The  Marshall  stability  test  itself  is  a  type  of  unconfined 
compressive  strength  test  in  which  a  cylindrical  specimen  is 
compressed  radially  at  a  constant  rate  of  strain.  The  maximum 
load  sustained  by  the  specimen  is  recorded  as  the  Marshall 
stability  value  and  the  deformation  at  failure  is  recorded  as  the 
Marshall  flow  value.  Prior  to  the  actual  stability  tests,  unit 
weight  determinations  are  carried  out  on  the  test  specimens.  The 
"optimum"  binder  content  then  selected  for  design  is  essentially 
a  compromise  value  which  meets  specified  requirements  for 
stability,  deformation,  void  content  and  maximum  unit  weight  of 
compacted  specimen.  Marshall  test  results  for  optimum  binder 
content  relate  to  most  studies  of  actual  road  surface  behavior. 

The  unit  weight  of  the  mixture  increases  with  increasing 
binder  content  until  a  maximum  value  is  obtained,  after  which  the 
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unit  weight  decreases.  At  first  the  binder  acts  as  a  lubricant 
and  helps  the  aggregate  particles  to  slide  over  each  other.  Once 
an  optimum  amount  of  binder  has  been  added,  it  acts  only  to 
displace  the  particles  and  so  unit  weight  decreases.  If  a  dense 
mixture  is  to  be  obtained,  it  is  important  that  the  amount  of 
binder  should  not  exceed  the  optimum  for  the  compaction  effort 
applied. 

The  stability  value  of  the  mixture  increases  with  increasing 
binder  content  until  a  maximum  value  is  obtained,  after  which 
stability  decreases.  The  combination  of  the  internal  friction, 
provided  by  the  interlocking  aggregates,  and  the  cohesion 
component,  provided  by  the  thin  viscous  bituminous  film  coating 
the  particles,  is  maximum  stability  value  at  optimum  asphalt 
content. 

The  flow  value  increases  as  the  binder  content  increases. 

The  rate  of  deformation  change  is  slow  at  low  binder  contents  but 
increases  rapidly  as  high  binder  content  are  reached.  The  asphalt 
surfacing  with  low  flows  and  high  stability  will  not  deform 
easily  but  are  likely  to  be  brittle,  while  those  with  low 
stability  and  high  flows  deform  easily  under  traffic. 

The  percent  of  voids  in  the  total  mix  decreases  with 
increasing  binder  content  until  a  value  is  reached  at  which  it 
begins  to  level  off. (2) 

Detailed  discussions  of  this  introductory  overview  are  given 
in  the  following  chapters. 
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Marshall  Method  -  Background 


The  Marshall  mix  design  method  has  been  used  by  highway 
agencies  through  out  the  world  to  design  and  control  bituminous 
paving  mixtures.  At  present  76  percent  of  state  highway  agencies 
in  the  United  States  use  this  method.  (3) 

History:  The  Marshall  procedure  as  applied  to  design  and  control 

of  asphalt  mixtures  was  developed  by  the  Department  of  Defence 
during  the  period  from  World  War  II  to  the  late  1950's.  The  need 
for  a  mix  design  procedure  to  proportion  aggregate  and  asphalt 
binders  to  sustain  increasing  wheel  loads  and  tire  pressure  of 
military  aircraft  led  to  the  development  of  a  modified  Marshall 
mix  design  method.  Tire  pressures  increased  from  100  psi  to  300 
psi. 

Initially,  the  Marshall  method  was  developed  at  the 
Mississippi  Highway  Department  by  Mr.  Bruce  G.  Marshall  and  was 
used  in  the  South  by  several  highway  agencies.  The  initial 
Marshall  compaction  procedure  used  25  blows  of  a  standard  Proctor 
hammer  with  an  application  of  5000  pounds  static  load  for  two 
minutes.  Several  stages  of  modification  on  the  initial  Marshall 
method  has  taken  place  since  then.  Substantial  modification  and 
refinement  had  taken  place  during  early  studies  at  the  USEA 
Waterways  Experiment  Station  in  Vickburg,  Mississippi.  The  study 
included  test  sections  to  evaluate  various  combinations  of 
asphalt  content,  aggregate  gradation,  aggregate  type  and  fillers 
and  their  effect  on  minimum  thickness  requirements  and  densities 
of  surfacing. 
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The  Marshall  procedure  was  adopted  for  the  following 


reasons : 

a)  "  For  a  given  compaction  effort,  the  optimum  percent  of 
asphalt  can  be  determined  for  any  mix  that  will  give  maximum 
density,  durability  and  stability. 

b)  Where  a  choice  of  gradation  is  possible,  including  mineral 
filler,  the  best  gradation  of  the  mix  can  be  determined  which 
will  give  maximum  density,  durability  and  stability. 

c)  A  minimum  stability  value  for  asphalt  mixes  can  be  set  which 


will-  assume  satisfactory  performance  in  actual  service 

iCs*  * 


d)  Prompt  field  control  is  possible  curing  construction, 
therefore  pavement  can  be  laid  uniformly  to  specified  stability 
requirements . . "  ( 4 ) 

Marshall  Method  as  Practiced  by  the  Montana  Department  of 

Highways : 

At  present,  highway  agencies  in  38  states  use  the  Marshall 
Mix  Design  Method  in  the  United  States.  Being  a  empirical  test 
method  which  does  not  measure  the  fundamental  engineering 
properties  of  bituminous  concrete,  the  Marshall  Method  has  had 
its  short-comings  despite  overall  success.  This  led  to  its 
modifications  by  several  different  agencies.  There  are 
significant  differences  in  the  procedure  and  applications  of  the 
Marshall  Method  among  the  agencies.  (3) 

Montana  uses  100%  passing  3/4,  1/2  inch  nominal  maximum 
aggregate  size.  Both  hand  and  mechanical  compacting  equipment  are 
used  in  preparing  the  Marshall  specimen.  The  compaction  used  in 
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preparing  the  Marshall  mold  is  equivalent  to  50  blows  of  the 
Marshall  hammer.  The  Rice  specific  gravity  test  is  conducted  to 
achieve  theoretical  maximum  specific  gravity.  The  effective 
asphalt  content  is  not  used  to  calculate  Voids  in  the  mineral 
aggregate  (VMA)  values.  The  traffic  is  divided  into  three 
different  categories  in  Montana;  heavy,  medium  and  light,  as 
shown  in  Table  1.  The  required  stability  values  depend  on  the 
traffic  category.  The  Marshall  parameter  values  for  the  three 
different  categories  are  shown  in  Table  1.(3) 

Table  1.  Marshall  Parameter  Values  for  Montana  Marshall  Method. 


Traffic 

Criteria 

ADT 

Stability  fib) 

Flow 

% 

Voids 

Heavy 

1000 

2000  -  3000 

8-16 

2 

-  5 

Medium 

200  -  1000 

1500  -  2500 

8-16 

3 

-  5 

Light 

1  -  200 

1000  + 

8-18 

4 

-  6 

The  optimum  asphalt  content  is  based  on  the  median  voids 
determination. 

Marshall  Method  at  Montana  State  University: 

The  method  and  equipment  in  the  Montana  State  University 
laboratory  are  similar  to  those  of  the  Montana  Department  of 
Highways.  A  molded  specimen  size  of  four-inch  diameter  and  two 
and  one  half  inch  height  are  used,  which  requires  mixing  of  1150 
grams  of  aggregate  and  a  predetermined  weight  of  asphalt.  A 
conventional  mechanical  mixer  mixing  bowl  apparatus  is  used  to 
mix  the  mixture  for  two  minutes,  after  which  the  mix  is 


7 


transferred  into  a  preheated  mold.  The  entire  process  is  done 
according  to  the  AASH^O  procedure.  Temperature  is  noted  at  each 
stage.  The  mechanical  compactor  with  the  rotating  base  is  used  to 
compact  the  mold  with  the  specified  50  blows  on  either  side  of 
the  mold.  A  10  pounds  hammer  with  18  inches  drop  is  used.  The 
mechanical  hammer  is  not  calibrated  to  a  hand  operated  hammer. 

An  automatic  recorder  for  the  plotting  the  load/deformation 
curve  during  the  stability  test  is  used. 

Definition  and  Discussion  on  Marshall  Test  Parameters; 

Marshall  Stability: 

Stability  has  been  defined  as  "resistance  to  deformation" 
with  an  implied  emphasis  towards  resistance  to  flow  or  rutting  in 
an  asphaltic  or  soil  layer.  It  is  noted  that  no  special  unit  is 
given  for  stability.  For  asphaltic  concrete,  the  stability 
definition  is  broadened  by  including  resistance  to  tensile, 
compressive,  and  shear  stresses  that  cause  failure  in  a  pavement 
surface. (5) 

A  review  of  the  literature  indicates  that  the  Marshall 
stability  value  is  a  measure  of  tensile  strength.  Marshall  value 
is  affected  primarily  "by  the  tensile  strength  or  cohesion 
properties  of  a  mixture".  It  would  seem  to  be  apparent  that  the 
Marshall  test  does  give  a  measure  of  tensile  strength  and  that 
the  method's  success  in  preventing  shear  deformation  (rutting) 
failure  comes  from  the  control  of  aggregate  texture  and 
gradation,  asphalt  content,  and  compaction.  (6) 

Asphalt  mixes  may  have  to  be  designed  to  resist  rutting 
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(accumulation  of  permanent  deformations)  under  high  tire  pressure 
and  large  numbers  of  load  repetitions.  Generally  such  permanent 
deformations  occur  under  conditions  of  low  mix  stiffness; 
resistance  to  permanent  deformation  under  these  cond  tions  has 
been  defined  as  stability.  (5) 

Mixes  must  also  resist  the  development  of  excessive  rutting 
under  standing  loads  and  be  resistant  to  shoving  from 
decelerating  and  accelerating  traffic.  The  requisite  resistance 
to  deformation  can  be  defined  in  the  laboratory  by  some  form  of 
triaxial  compression  test;  one  definition  of  stability  can  be 
considered  as  the  stress  corresponding  to  a  small  strain  in  this 
type  of  test.  From  this  definition,  the  higher  the  stress  at  a 
fixed  strain  or  the  strain  at  a  fixed  stress  level,  the  greater 
the  mix  stiffness. (5) 

Resistance  to  permanent  deformation  is  promoted  by  using 
aggregate  with  rough  surface  texture,  dense  gradations, 
comparatively  low  asphalt  content,  harder  (stiff)  asphalt  and 
well  compacted  mixtures  so  long  as  the  air  void  content  does  not 
fall  below  about  three  percent. (4) 

The  Marshall  stability  test  stresses  and  fails  the  entire 
specimen.  Definite  shear  planes  divide  the  specimen  into  four 
separate  pieces.  The  stability  value  is  a  measure  of  the 
resistance  of  the  specimen  to  the  development  of  internal  shear 
planes.  This  resistance  is  considered  directly  related  to  the 
degree  to  which  masses  of  particles  are  bounded  together 
mechanically  or  with  bituminous  material.  (4) 
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Marshall  Flow: 


The  flow  value  is  considered  to  measure  the  plasticity  of  an 
asphalt  mixture. 

Void  Ratio: 

The  amount  of  voids  in  and  asphalt  mixture  is  the  single 
most  important  factor  that  affects  performance  throughout  the 
life  of  an  asphalt  pavement.  The  voids  are  primarily  controlled 
by  asphalt  content,  compactive  effort  during  construction  and 
additional  compaction  under  traffic. 

There  has  been  much  work  that  has  shown  that  the  initial  in- 

’t 

place  voids  should  be  no  more  than  approximately  8  percent  and 
in-place  void  should  never  fall  below  approximately  3  percent 
during  the  life  of  the  pavement. (7)  High  voids  lead  to 

permeability  of  water  and  air  resulting  in  water  damage, 

/ 

oxidation,  raveling  and  cracking.  Low  voids  lead  to  rutting  and 
shoving  of  the  asphalt  mixture.  In  a  study  of  rutting  of  asphalt 
pavements,  showed  that  significant  rutting  was  likely  to  occur 
once  the  in-place  voids  reached  approximately  3  percent. (7) 

The  initial  air  voids  content  is  determined  by  comparing  the 
in  place  bulk  density  to  the  theoretical  maximum  density  for  the 
mix  being  evaluated.  The  final  in-place  air  voids  are  estimated 
based  on  the  mix  design  and  field  quality  control  testing.  The 
voids  obtained  during  the  mix  design  and  laboratory  compaction  of 
the  samples  from  construction  site  is  an  estimate  of  the  in-place 
voids  after  traffic.  The  number  of  blows  with  the  Marshall  hammer 
were  initially  selected  to  provide  voids  in  laboratory  compacted 
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samples  equal  to  the  measured  voids  after  traffic.  Hence,  the 
voids  determined  from  laboratory  compacted  samples  are  estimate 
of  the  final  in-place  voids. 

Density: 

The  voids  in  an  asphalt  mixtures  are  directly  related  to 
density.  Thus  density  must  be  closely  controlled  to  insure  that 
the  voids  stay  within  an  acceptable  range.  One  method  that  has 
been  used  to  specify  density  is  to  require  that  the  in-place 
material  be  compacted  to  some  percent  of  the  laboratory  density. 
The  standard  laboratory  density  is  specified  as  SOfor  75  blows 
with  the  Marshall  hammer.  Typically,  specification  will  require 
at  least  95  percent  of  laboratory  density  in  some  cases  to  as 
much  as  98  percent  in  others.  Some  specifications  do  not  allow 
mixes  to  compacted  to  a  density  greater  than  100  percent  of 
laboratory  density.  The  mixes  are  designed  to  have  4  percent 
voids,  and  if  compacted  to  a  density  greater  than  100  percent, 
premature  rutting  is  likely  to  occur. 

The  density  produced  with  a  manual  hammer  has  been  shown  to 
correlate  with  density  in  the  field  after  traffic.  Hence  any 
other  compaction  (mechanical  or  otherwise)  must  be  calibrated  to 
produce  the  density  equal  to  that  obtained  with  the  hand  hammer. 

Additional  asphalt  content  must  never  be  added  for  the  sole 
purpose  of  reducing  the  in-place  voids.  If  the  in-place  voids  are 
too  high,  assuming  the  mixture  has  been  properly  designed,  then 
more  compactive  effort  must  be  exerted  to  decrease  in-place 
voids. (7) 
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MODEL  For  the  deformation 


A  three  phase  system  of  asphaltic  concrete  are  comprised  of 
a  three  dimensional  particle  skeleton  (solid) ,  a  viscous  mortar 
material  (fluid)  and  air  filled  voids  (gaseous). 

Aside  from  the  viscous  matrix,  a  three-dimensional  mineral 
skeleton  is  formed  during  compaction  and  later  under  compressive 
or  shear  stress.  The  smaller  mineral  particles  which  are  not  part 
of  the  mineral  skeleton  form  the  bituminous  mortar  along  with 
the  binder.  Both  elements,  the  matrix  of  bituminous  mortar  and 
mineral  skeleton  resists  external  loading  (stresses) . 

In  soil  mechanics,  the  yield  resistance  of  soil  is 
considered  as  the  sum  of  internal  friction  and  cohesion.  This 
concept  stems  from  Coulomb's  theory. 

In  asphaltic  concrete,  the  voids  in  the  mineral  mix  are 
partly  filled  with  bitumen,  which  in  contrast  to  water  present  in 
soils,  has  a  very  high  viscosity.  Therefore,  the  deformation 
resistance  resulting  from  the  adhesion  of  binder  and  mineral 
particles  as  well  as  the  viscosity  of  binder  are  highly 
significant. (8) 

According  to  Nijboer,  the  entire  deformation  resistance  of 
bituminous  mixes  can  be  explained  in  terms  of  three  precisely 
defined  quantities,  namely: 

Total  resistance  t  =  tA  +  tq  +  tu 

ti  -  initial  resistance  due  to  real  and  apparent  cohesion 
and  interlocking  of  the  mineral  particles. 
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tq  -  internal  friction  associated  with  the  bulk  density,  the 
shape  and  size  and  roughness  of  the  mineral  particles  as  well  as 
the  grading  of  mix. 

tu  -  viscous  resistance  due  to  shear  resistance  resisting 
from  the  viscosity  of  the  bituminous  mortar. (9) 

MATERIALS 

Asphalt 

Samples  of  120/150  penetration  grade  asphalt  cement  were 
obtained  from  Cenex  Refinery  in  Laurel  and  Conoco  Refinery  in 

Billings. The  two  refineries  were  observed  to  be  the  most  diverse 

■ 

during  the  initial  modifier  study,  and  thus,  were  selected  for 
the  rutting  study.  Both  asphalts  were  modified  by  the 
manufacturers,  as  described  below,  and  made  available  to  UC  and 
MSU. 

Kraton  Modified  Asphalt 

Kraton  rubber-asphalt  mixtures  were  prepared  by  Shell 
Development  Company  utilizing  4.3%  and  6%  w  neat  Kraton  D4141G. 
Each  make  of  asphalt,  Cenex  and  Conoco,  was  modified  with  the  two 
different  percentages  of  Kraton  4141G  polymer.  Kraton 
thermoplastic  rubber  polymers  are  a  unique  class  of  rubber 
designed  for  use  without  vulcanization.  They  differ  fundamentally 
in  molecular  structure  from  the  typical  plastic  or  commercial 
rubber  (homopolymer  or  random  copolymers)  in  that  they  are 
triblock  copolymers  with  an  elastomeric  block  in  the  center  and  a 
thermoplastic  block  on  each  end.  They  are  readily  soluble  and 
thus  are  suited  to  the  formulation  of  solvent-based  adhesives. 
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D4141G  is  linear  SBS  (Styrene-Butadiene-Styrene)  block  copolymers 
similar  in  molecular  architecture  to  D1101.  "D"  designation 
refers  to  either  SBS  or  SIS  polymers.  The  first  "4"  identifies 
the  polymer  as  containing  process  oil  usually  a 

napthenic/paraf f inic  type  which  is  added  to  the  polymer  to  aid  in 
the  mixing  of  the  polymer  into  bitumen  and/or  to  affect  desirable 
changes  in  the  physical  properties  of  the  final  binder  blend. 
D4141G  contains  about  29%  oil.  The  designation  G  refers  to  the 
polymer  being  in  the  ground  "powder"  form  again  for  the  purpose 
of  decreasing  blending  time. 

Polvbilt  Modified  Asphalt 

Polybilt  is  an  EVA,  Ethylene  Vinyl  Acetate,  resin,  and 
encompasses  a  large  family  of  petrochemical  polymers  and  polymer 
concentrates  designed  for  asphalt  modification  by  Exxon  Chemical 
Company.  Two  polymers  were  used,  Polymer  2  and  Polymer  7;  both 
are  EVAs  but  differ  in  molecular  weight  and  VA  content.  Polymer  2 
was  used  for  the  asphalt  from  Cenex,  and  Polymer  7  for  Conoco,  at 
treat  rate  of  4%  and  3.5%  by  weight,  respectively.  The  reason  for 
the  different  polymer  for  Conoco  was  because  it  exhibited  more 
synergy  with  Polybilt  than  Cenex. (1) 

AGGREGATE 

Selection  of  the  aggregate  was  done  after  conferring  with 
the  MDOH  materials  personnel  in  Helena  and  Billings.  Since  much 
of  the  rutting  problems  in  Montana  are  in  the  eastern  areas  and 
involve  Yellowstone  River  gravel,  a  representative  of  YR  grave; 
was  chosen.  The  Billings  District  provided  material  from  the  E. 
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E.  St.  John  pit.  The  samples  were  obtained  from  stock  piles  of 
MDOH,  and  submitted  in  several  sacks  of  three  fractions,  coarse, 
crushed  fine  and  natural  fine;  a  composite  sample  was  formed 
utilizing  45%,  40%  and  15%  portion  respectively  in  accordance 
with  MDOH  laboratory  report.  Standardization  of  Marshall 
procedures  required  careful  attention  to  representative  splitting 
of  the  composite  sample  of  about  1150  gm. 

Each  time  the  aggregate  was  split,  a  sample  was  taken  and  a 
sieve  analysis  was  run.  The  representative  aggregate  gradation 
curve  was  drawn  from  the  mean  of  9  such  samples.  It  was  observed 
that  all  the  gradations  confirmed  within  the  band  of  acceptable 
level  of  gradation  except  for  the  minus  #  200  sieve.  The  minus  # 
200  sieve  was  consistently  low  at  2.5%  instead  of  6%  as 
specified.  The  average  values  of  the  result  of  the  sieve  analysis 
along  with  the  specification  for  the  plant  mix  surfacing 
aggregate  grade  B  is  shown  in  the  Table  2 .  The  aggregate 
gradation  curve  along  with  the  specification  band  is  shown  in  the 
Figure  1. 

The  recommended  portions  of  the  coarse,  crushed  fine  and  the 
natural  fine  were  mixed  to  give  the  actual  mix  in  the  field.  The 
split  sample  from  the  mix  gives  us  the  representative  sample  of 
the  aggregate  in  the  plant  mix.  All  the  test  specimens  made  with 
the  split  sample  from  the  mix  of  the  recommended  portion  of  45% 
coarse,  40%  crushed  fines  and  15%  natural  fine  are  low  in  the 
minus  #  200  size  fines. 

The  Marshall  mix  design  from  this  sample  gives  us  the 
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1989  Asphalt 


Table  2.  Mean  Values  of  the  Aggregate  Gradation  of  Splited  Aggregate. 


Size  %  Passing  %  Passing  Specification  Limit 

Sieve  Mean  Standard  - 

Deviation  Maximum  Median  Minimum 


3/4” 

100 

100.00 

1/2” 

87.89 

3.66 

93.00 

86.00 

79.00 

3/8" 

72.01 

4.58 

82.00 

75.00 

68.00 

#  4 

53.47 

4.63 

60.00 

53.00 

46.00 

#  10 

36. 1  1 

3.31 

43.00 

37.00 

31.00 

#  40 

17.00 

1.90 

23.00 

18.00 

13.00 

#  200 

2.56 

.055 

7.50 

6.00 

4.50 
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GRAIN  SIZE  IN  MILLIMETERS 


Marshall  parameter  values  closer  to  the  field  condition,  without 
hydrated  lime  mineral  filler.  The  Marshall  test  on  the  aggregate- 
binder  mix  with  unmodified  and  modified  asphalt  were  carried  out 
using  the  split  samples  of  aggregate.  However,  it  failed  to  meet 
the  required  specification  arrived  at  from  the  laboratory  test. 

Repeating  the  tests,  the  proportionately  combined  aggregate 
was  separated  into  each  sieve  size  of  the  specification  to  obtain 
median  values  of  the  specification.  The  median  values  of  the 
aggregate  retained  in  each  sieve  size  were  obtained.  The  mix 
representing  ^the  median  value  of  the  specification  was  mixed 
manually  except  for  the  minus  #  200.  The  minus  #  200  size  in  the 
mix  was  determined.  Then  the  required  amount  of  the  minus  #200 
size  was  added  to  make  a  mixed  sample  confirming  to  the  median 
size  of  the  specification.  The  aggregate  blend  combination 
conforming  to  the  gradation  requirement  of  the  specification  was 
prepared  according  to  Asphalt  Institute  Manual  Series  No. 2  (MS2) 
Appendix.  Gradation  Analysis  of  Aggregate. (9) 

The  results  obtained  from  both  type  of  mix,  split  and  controlled 
aggregate  are  discussed  in  subsequent  sections. 

METHODS  AND  PROCEDURES 

Standard  asphalt  tests  such  as  penetration  at  39.2°F  and 
7/  F  and  ling  and  ball  softening  point  tests  were  conducted  on 
>~he  unmodified  and  modified  asphalt.  These  tests  were  repeated  on 
the  residue  of  thin  film  oven  tests.  The  purpose  of  conducting 
these  tests  was  to  check  the  conformity  of  the  test  parameter  of 
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the  materials  received  in  1989  with  that  of  1988  batch  of 
materials.  The  results  of  the  tests  are  presented  and  discussed 
in  subsequent  sections. 

The  total  number  of  asphalt  tests  conducted  are  as  follows: 


Penetration  at  77°F  144 
Penetration  at  39.2°F  144 
Ring  and  Ball  32 
Total  320 


Similarly,  fifteen  Marshall  specimens  (three  specimen  per 
asphalt  content  of  5%,  5.5%,  6%,  6.5%  and  7%)  were  molded  for 
each  of  the  unmodified  and  Polybilt,  4.3%  Kraton  and  6%  Kraton 
modified  asphalts  (4.3%  Kraton  and  6%  Kraton  are  written  as 
Kraton-4.3  and  Kraton-6  respectively).  The  Marshall  test  for 
stability  and  flow,  bulk  specific  gravity,  Rice  specific  gravity 
and  percentage  air  void  determination  were  conducted  on  each 
specimen.  The  raw  test  results  are  presented  in  the  Appendix  A. 
The  total  number  of  Marshall  tests  and  parameter  tests  are  as 


follows : 

Marshall  Test  Specimen  Mold  258 
Bulk  Specific  Gravity  258 
Marshall  Stability  258 
Marshall  Flow  258 
Rice  Specific  Gravity  258 
Total  1290 
Grand  total  1620 


The  test  property  curves  for  hot-mix  design  by  Marshall 
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method  are  shown  in  Appendix  B.  The  optimum  asphalt  content  for 
each  of  the  modified  and  unmodified  asphalts  was  computed  from 
the  curves.  The  data  obtained  for  optimum  asphalt  content  and 
test  parameter  values  at  optimum  asphalt  content  are  shown  and 
discussed  in  subsequent  sections. 

Procedure 

The  AASHTO  standard  method  of  test  procedure  was  followed  in 
conducting  the  Marshall  Mix  Design  Method  and  related  tests.  The 
AASHTO  test  number  and  test  title  are  as  follows: 

Test  Title 


Amount  of  Material  Finer  Than  0.075mm  (#  200) 
Sieve  in  Aggregate. 

Sieve  Analysis  of  Fine  and  Coarse  Aggregate. 
Penetration  of  Bituminous  Material. 

Softening  Point  of  Asphalt  (Bitumen)  and  Tar 
Ethylene  Glycol  (Ring  &  Ball) . 

Bulk  Specific  Gravity  of  Compacted  Bituminous 
Mixtures . 

Effect  of  Heat  and  Air  on  Asphalt  Materials 
(Thin  Film  Oven  Test) . 

Maximum  Specific  Gravity  of  Bituminous  Paving 
Mixtures . 

Resistance  to  Plastic  Flow  of  Bituminous  Mixtures 
Using  Marshall  Apparatus. 

Reducing  Field  Samples  of  Aggregate  to  Testing 


AASHTO 

Designation 

Til  -  82 

T27  -  82 
T49  -  80 
T53  -  81 
in 

T166  -78(1982) 

T179  -  80 

T209  -  82 

T245  -  82 

T248  -74(1982) 
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Size. 


T269  -  80  Percent  Air  Voids  in  Compacted  Dense  nd  Open 

Bituminous  Paving  Mixtures. 

Discussion  Of  Procedure: 

There  are  many  variables  associated  with  the  Marshall  mix 
design.  First  among  the  variables  are  the  constituents  of  the 
mix,  that  is  the  aggregate  and  asphalt.  Other  variables  are  the 
mix  temperature  and  those  associated  with  human  factor,  operator, 
laboratory  and  testing  equipment.  Precision  and  quality  control 
factors  are  important.  The  Marshall  method  of  mix  design  consists 
of  long  procedures,  starting  from  the  aggregate  gradation,  mixing 
of  asphalt  and  aggregate,  making  of  the  molds,  cooling  of  molded 
specimen,  and  extraction  of  the  specimen  from  the  mold  using  a 
hydraulic  jack.  In  each  step,  temperature  of  aggregate  and 
asphalt  and  mix  temperature  before  compaction  is  important.  As 
discussed  earlier,  the  type  of  equipment  used  is  important.  After 
the  mold  is  produced,  each  molded  specimen  goes  through  the 
number  of  tests,  such  as  bulk  specific  gravity,  involving  the 
'water  bath  temperature,  time  in  the  water  bath,  precision  of 
weighing  the  sample  in  water  and  air. 

Marshall  stability  and  flow  test  are  carried  out  on  the 
stability  test  machine.  Each  Marshall  specimen  is  immersed  in 
the  water  bath  at  140°F  for  30  to  40  minutes.  The  precision  of 
the  bath  temperature  and  duration  in  the  water  bath  and  the  time 
of  completing  the  whole  test  within  30  seconds  on  each  specimen 
may  not  be  exact.  There  are  possibilities  of  not  exacting  the 


21 


processes  thus  error  may  be  introduced. 

The  Rice  specific  gravity  test  is  carried  out  on  the 

crumbled  specimen  after  3  minutes  in  the  microwave  oven.  The 

specimen  is  separated,  as  far  as  possible,  by  breaking  the  mold 

with  a  spatula.  Each  specimen  is  weighed  in  the  flask  and 

subjected  to  the  vacuum  for  15  minutes,  shaking  every  two 

minutes.  The  possibilities  of  error  are  over  heating  in  the 

microwave  oven  or  not  separating  the  particles  or  breaking  the 
stone . 

When  asphalt  concrete  mix  specimens  are  compacted  in  a  given 

compactor,  differences  in  the  compaction  temperature  and  the 

actual  preparation  of  the  specimens  can  significantly  influence 

the  test  results.  Clearly,  these  are  operator  related  variables. 
(10) 

Again,  operator  related  factors,  such  as  conditioning  of 
specimen  and  the  duration  of  the  actual  testing  process  were 
cited  as  sources  of  differences  between  test  results. 

Georgia, s  criteria  requires  a  review  of  the  procedure  or 
equipment,  or  both,  if  a  laboratory  average  exceeds  the  following 
ranges  when  compared  with  the  overall  average 

Density:  +  -  1.5  pcf  (0.024  gm/cc) 

Stability:  +  -  400  and 

Flow:  +  -  0.02  inch. 

The  results  obtained  from  the  Georgia  studies  tend  to 
support  that  discrepancies  in  Marshall  test  results  are  due  to 
both  equipment  and  technician  related  factors.  (10) 
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In  1979  a  Marshall  equipment  correlation  study  was  conducted 
by  the  Utah  Department  of  Transportation.  The  objective  of  the 
investigation  was  to  study  the  variability  that  resulted  from 
using  different  technicians  and  equipment.  It  was  evident  from  a 
comparison  of  the  values  for  range  and  standard  deviation  that 
operator  and  equipment  have  a  significant  effect  on  the  test 
result. 

In  the  Canadian  studies,  it  was  concluded  that  there  can  be 
significant  variability  in  Marshall  test  results  and  that  this 
variability  can  be  attributed  to  operator  as  well  as  equipment 
variability. (10) 

At  Montana  State  University,  the  Marshall  test  was  conducted 
by  the  students  working  part  time  and  a  graduate  student.  It  was 
a  learning  experience  for  the  students.  The  performance  of  each 
student  follows  the  learning  curve  which  could  reflect  on  the 
test  results.  It  is  natural  to  expect  some  variation  and  error  in 
the  result. 

Mixing  and  Compaction  Temperature 

According  to  the  Asphalt  Institute,  there  are  certain  binder 
viscosities  that  should  be  used  for  optimum  mixing  (170 
Centistoke)  and  compaction  (280  Centistoke)  of  asphalt  concrete 
mixtures.  The  Polymer  modification  produced  significant  increases 
in  the  275°F  viscosity  of  the  original  asphalt. 

In  order  to  assure  suitable  mixing  and  adequate  compaction 
time,  it  may  be  necessary  to  increase  the  plant  temperature. 

Field  experience  with  the  additives  studied  herein  has  shown  that 
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the  increase  in  temperature  is  necessary  to  achieve  good 
compaction;  however,  optimum  mixing  and  compaction  temperatures 
are  not  simply  a  function  of  the  viscosity  of  the  binder  when 
asphalt  additives  are  used.  These  optimum  temperatures  need  to  be 
determined.  Viscosity  -  temperatures  data  for  these  modified 
binders  can  be  used  as  a  guide;  but,  apparently,  only  field 
experience  can  be  used  to  make  final  decisions. (11) 

Since  the  Marshall  method  of  mix  design  requires  that  the 
asphalt  be  within  specified  viscosity  ranges  during  mixing  and 
compaction,  it  may  be  necessary  to  adjust  the  mixing  and 
compaction  temperatures  while  conducting  laboratory  work.  Field 
experience  with  Kraton  rubber  modified  asphalt,  however,  shows  no 
unusual  difficulties  when  processing  and  compacting  the  hot  mix 
asphalt  concrete  produced  with  this  higher  viscosity  binder. (12) 
Kraton  rubber  modification  of  asphalt  binder  does  not 
significantly  alter  the  outcome  of  Marshall  mix  design  procedure. 
Adjustments  in  optimum  binder  content  may  be  necessary,  but  the 
magnitude  of  these  adjustments  are  not  unusual  compared  to  those 
normally  used  with  different  viscosity  grades  of  asphalt.  The 
impact  of  Kraton  rubber  additives  as  determined,  by  Marshall 
stability  and  flow  values,  is  negligible  considering  the 
variations  normally  observed  with  this  test. (12) 

TEST  RESULTS  AND  OBSERVATIONS 

From  observation  of  the  asphalt  test  results,  Table  3,  it  is 
found  that  the  results  of  the  test  parameters  are  improved  to 

24 


r 


1989  Asphalt 


Table  3.  Asphalt  Test  On  1989  Modified  and  Unmodified  Asphalts. 


Tests  Cenex  Kraton  (4.3J)Kraton  (6%)  Polybilt  Conoco  Kraton  (4.3X)Kraton  (6%)Polybi 1 t 

Unmodified  Modified  Modified  Modified  Unmodified  Modified  Modified  Modified 


Cenex 

Cenex 

Cenex 

Conoco 

Conoco 

Conoco 

Ring  and  Ball  Softening  Pt. 

109.50 

148.50 

167.00 

134.00 

110.00 

136.50 

182.50 

161.00 

Penetration  at  39.2  F 

48.00 

54.10 

38.83 

41.60 

41.20 

45.60 

37.56 

33.90 

Penetration  at  77  F 

137.50 

92.20 

77.20 

95.90 

140.00 

101.00 

85.56 

68.20 

Thin  Film  Oven  Test 

After  TFOT 

0.134 

0.091 

0.106 

0.092 

0.043 

0.050 

0.069 

0.004 

Ring  and  Ball  Softening  Pt. 

117.50 

129.00 

168.00 

134.00 

116.50 

134.50 

176.50 

146.50 

Penetration  at  39.2  F 

30.00 

49.00 

28.20 

29.30 

37.67 

49.40 

20.10 

27.30 

Penetration  at  77  F 

85.30 

79.70 

61.56 

60.20 

95.20 

85.40 

66.30 

52.40 

f 
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different  degrees,  as  expected.  The  word  "improvement"  is  used  to 
indicate  that  the  parameter  values  are  in  favor  of  the  betterment 
of  the  permanent  deformation  (rutting)  characteristics.  The 
values  of  the  ring  and  ball  softening  point  of  the  modified 
asphalt  are  higher  than  those  of  the  unmodified  asphalt, 
indicating  improvement  in  high  temperature  susceptibility.  The 
penetration  values  at  39.2°F  and  77°F  of  the  modified  asphalt  are 
low  compared  to  those  of  the  unmodified  asphalt.  The  values  for 
the  ring  and  ball  softening  point  of  the  Polybilt  modified  Conoco 
for  both  before  and  after  thin  film  oven  test  could  not  be 
obtained  because  the  film  of  asphalt  coating  the  ball  breaks  up 
before  the  ball  reached  the  bottom  plate.  The  test  was  repeated 
until  right  results  were  obtained.  The  asphalt  film  cracked  when 
the  ball  reached  bottom  plate,  however,  the  ball  did  not  come  out 
of  asphalt  film. 

Comparison  of  the  Test  Result  of  Parameters  Between  1989  and  1988 

Tests: 

The  asphalts  received  in  1989  from  Cenex  and  Conoco  were 
tested  for  consistency  of  test  parameter  values  with  that  of  1988 
test  parameter.  Both  asphalts  were  modified  with  the  same  percent 
of  Polybilt  (4%  of  Polymer  2  for  Cenex  and  3.5%  of  Polymer  7  for 
Conoco)  as  was  mixed  with  the  1988  asphalts.  Again,  both  the 
asphalts  were  modified  with  4.3%  Kraton  and  6%  Kraton.The 
comparison  of  test  results  is  demonstrated  in  the  Table  4. 

It  is  observed  from  Table  4  that  there  is  little  difference 
in  the  penetration  at  39.2°F  and  77°F  and  the  ring  and  ball 
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Table  4.  Comparison  of  Test  Results  Between  1988  and  1989  120/150  Asphalts, 


Asphalt 

Cenex  Unmodified 

Kraton  Modified  Cenex 

Polybilt 

Modified 

85/100 

4.31 

61 

6X 

Cenex 

Cenex 

1989 

1988 

i _ i 

1989 

1989 

i _ 

1988 

i _ i 

1989 

1988 

i _ i 

1988 

Ring  and  Ball  Softening 

Pt. 

109.50 

114.80 

148.50 

167.00 

163.40 

134.00 

133.70 

116.60 

Penetration  at  39.2  F 

48.00 

42.00 

54.10 

38.83 

37.00 

41.60 

39.00 

24.00 

Penetration  at  77  F 

137.50 

137.00 

92.20 

77.20 

79.00 

95.90 

91.00 

89.00 

Thin  Film  Oven  Test 
After  TFOT 

0.134 

0.091 

0.106 

0.092 

Ring  and  Ball  Softening 

Pt. 

117.50 

116.50 

129.00 

168.00 

162.50 

134.00 

137.30 

124.70 

Penetration  at  39.2  F 

30.00 

31.00 

49.00 

28.20 

35.00 

29.30 

29.00 

29.00 

Penetration  at  77  F 

85.30 

85.00 

79.70 

61.56 

64.00 

60.20 

59.00 

54.00 

Marshall  Stability 

2193.00 

2400.00 

2023.00 

2335.00 

3500.00 

2200.00 

2330.00 

2480.00 

Marshall  Flow 

12.13 

14.00 

13.25 

13.20 

15.20 

14.15 

16.40 

13.00 

Density  (Unit  Weight) 

2.351 

2.387 

2.327 

2.337 

2.370 

2.342 

2.383 

2.332 

Percent  Void  Ratio 

2.83 

3.00 

4.20 

3.10 

3.80 

3.58 

3.00 

3.50 

Asphalt 

Conoco  Unmodified 

Kraton  Modified  Conoco 

Polybilt  Modified 

85/100 

4.3% 

61 

6* 

Conoco 

Conoco 

•• 

1989 

1988 

1989 

1989 

1988 

1989 

1988 

1988 

Ring  and  Bal 1  Softening 

Pt. 

110.00 

113.00 

136.50 

182.50 

'  179.60 

161.00 

'  158. 90* 

120.20 

Penetration  at  39.2  F 

41.20 

40.00 

45.60 

37.56 

36.00 

33.90 

34.00 

30.00 

Penetration  at  77  F 

140.00 

133.00 

101.00 

85.56 

82.00 

68.20 

80.00 

92.00 

Thin  Film  Oven  Test 

0.043 

0.050 

0.069 

0.004 

After  TFOT 

Ring  and  Ball  Softening 

Pt. 

116.50 

118.40 

134.50 

177.00 

176.90 

146.50 

149.00 

121.10 

Penetration  at  39.2  F 

37.67 

31.00 

49.40 

20.10 

39.00 

27.30 

26.00 

19.00 

Penetration  at  77  F 

95.20 

94.00 

85.40 

66.30 

67.00 

52.40 

62.00 

68.00 

Marshall  Stability 

1846.00 

2060.00 

2336.00 

2638.00 

2418.00 

2112.00 

2640.00 

2680.00 

Marshall  Flow 

10.58 

8.40 

12.80 

14.80 

15.00 

13.04 

13.60 

13.60 

Density  (Unit  Weight) 

2.353 

2.388 

2.348 

2.345 

2.373 

2.336 

2.376 

2.361 

Percent  Void  Ratio 

7 

2.89 

3.60 

3.14 

2.10 

3.00 

3.79 

3.20 

3.10 
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results  in  both  the  before  and  after  thin  film  oven  test  on 
unmodified  asphalt  Cenex  and  Conoco.  The  same  kind  of  observation 
is  made  in  Polybilt  modified  Cenex  and  Conoco  except  for  the 
penetration  value  of  Polybilt  modified  Conoco  at  77°F.  However, 
great  differences  in  the  4.3%  Kraton  4141G  modified  asphalt  in 
all  test  parameter  values  were  observed.  This  is  expected,  as  the 
percentage  of  Kraton  4141G  was  low.  There  were  not  much 
difference  between  the  1988  asphalt  and  1989  asphalt  modified 
with  6%  Kraton  4141G  polymer.  This  gave  us  an  opportunity  to  see 
the  effect  on  parameter  values  as  a  function  of  the  percentage  of 
modifier  used.  Thus,  we  might  be  able  to  obtain  the  desired 
properties  by  changing  the  percent  of  modifier  used. 

On  comparison  of  the  results  of  Marshall  mold  specimen 
tests,  it  is  observed  that  the  optimum  percent  of  asphalt  content 
in  1989  is  increased  by  almost  1  percent  in  most  of  the  cases 
from  that  of  1988.  This  may  be  because  of  the  fact  that  the  tests 
in  1988  were  limited  to  tests  on  5%,  5.5%,  6%,  and  6.5%  asphalt 
content.  The  maximum  percent  of  asphalt  content  was  only  6.5%. 
Percent  air  void  at  optimum  asphalt  content  remains  close  to  4% 
in  both  the  1988  and  1989  results.  The  comparisons  are  made  with 
the  tests  on  split  aggregate.  Other  parameter  values,  such  as 
unit  weight,  Marshall  flow  and  stability  are  low  compared  to  that 
of  1988  values,  as  can  be  seen  from  the  Table  4.  Other  variables 
between  the  1988  and  1989  tests  involved  the  operators. 

RESULTS 

The  sequence  of  Marshall  mix  design  tests  was  conducted  with 
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differences  in  variables.  The  first  set  of  tests  was  conducted 
with  a  representative  sample  of  split  aggregate  depicting  the 
actual  mix  in  the  field.  The  representative  sample  was  obtained 
by  splitting  the  aggregate  mix  into  a  sizes  of  about  1150  gm 
each.  The  tests  were  conducted  in  blocks,  each  of  which  consisted 
of  three  samples  at  a  set  percent  (5%,  5.5%,  6%,  6.5%,  and  7%)  of 
specified  asphalt  (modified  or  unmodified) .  The  fifteen  test 
specimens  (3*5)  for  each  asphalt  were  made,  and  parameter  tests 
were  completed  before  other  sets  of  tests  were  carried  out.  The 
Marshall  mixing  and  compaction  temperature  for  the  modified 
asphalt  were  also  set  at  the  same  as  that  of  unmodified  asphalt 
based  on  the  viscosity  of  unmodified  asphalt. 

First  Case: 

The  temperature  of  the  aggregate  for  the  first  set  of  tests 
was  set  at  3  00  -  310°F.  The  asphalt  temperature  was  set  at  2  65  - 
275°F.  However  it  was  noted  that  the  modified  asphalt  needed  to 
be  maintained  at  or  above  275°F  to  maintain  smooth  flowing.  All 
tests  were  conducted  at  50  blows  of  compactive  effort.  The  first 
set  of  tests  was  limited  to  two  modified  asphalts,  Polybilt  and 
Kraton-4 . 3 ,  and  each  of  the  unmodified  asphalt.  The  Kraton-6 
modified  asphalt  had  not  been  received  at  the  time. 

The  result  of  the  first  test  is  presented  in  the  Table  5  and 
Table  7  for  Cenex  and  Conoco  groups  of  asphalt,  respectively.  The 
Marshall  mix  property  curves  were  drawn  and  represented  in  the 
Appendix  B  Cenex  and  Conoco  groups  of  asphalt. 

Table  5  shows  the  mean  and  standard  deviation  for  the 


29 


1989  Asphalt 


Table  5.  Results  of  Marshall  Test  Parameters  of  1989  Asphalts. 

Tests  Cenex  -  Unmodified  1 

Asphalt  Content  4.50%  5.00%  5.50%  6.00%  6.50%  7.00 


Mean  Marshal  1  Stabi 1 ity 
Standard  Deviation 
Mean  Marshall  Flow 
Standard  Deviation 
Mean  Bulk  Sp.  Gravity 
Standard  Deviation 
Rice  Specific  Gravity 
Void  Ratio 
VMA 

Tests 

Mean  Marshall  Stability 
Standard  Deviation 
Mean  Marshall  Flow 
Standard  Deviation 
Mean  Bulk  Sp.  Gravity 
Standard  Deviation 
Rice  Specific  Gravity 
Void  Ratio 
VMA 

Tests 

Marshall  Stability 
Standard  Deviation 
Mean  Marshall  Flow 
Standard  Deviation 
Mean  Bulk  Sp.  Gravity 
Standard  Deviation 
Rice  Specific  Gravity 
Void  Ratio 
VMA 


1463.00 

1066.50 

1626.00 

344.00 

271.00 

460.00 

10.67 

1 1.00 

10.67 

0.58 

2.64 

2.08 

2.265 

2.288 

2.288 

0.026 

0.006 

0.017 

2.514 

2.496 

2.485 

9.87 

8.37 

7.90 

17.35 

16.94 

17.38 

Polybilt  Modified  Cenex  I 

2492.00 

2842.00 

225.00 

168.00 

12.33 

12.33 

0.58 

1.53 

2.306 

2.327 

0.014 

0.023 

2.474 

2.447 

6.76 

4.92 

16.29 

15.97 

1828.00 

1870.00 

1461.00 

234.00 

138.00 

162.00 

11.30 

14.33 

10.00 

1.53 

2.31 

1.00 

2.301 

2.329 

2.319 

0.020 

0.013 

0.018 

2.476 

2.444 

2.429 

7.10 

4.70 

3.33 

17.35 

16.79 

17.59 

2367.00 

2901.00 

2164.00 

407.00 

389.00 

46.00 

11.33 

14.33 

13.33 

1.53 

2.08 

3.06 

2.318 

2.369 

2.357 

0.012 

0.003 

0.003 

2.432 

2.397 

2.398 

4.67 

1.17 

1.73 

16.74 

15.36 

16.24 

2168.00 

2741.00 

2686.00 

451.00 

442.00 

180.00 

12.33 

13.67 

14.67 

2.08 

1.53 

2.31 

2.299 

2.316 

2.339 

0.015 

0.010 

0.003 

2.456 

2.429 

2.408 

6.40 

4.60 

2.86 

17.42 

17.25 

16.88 

Kraton  (4.3%)  Modified  Cenex  I 

2062.00  2297.00 

449.00  337.00 

11.00  11.67 

2.00  2.31 

2.426  2.316 

0.020  0.003 

2.493  2.472 

8.33  6.33 

11.93  16.37 
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stability,  the  flow  and  density  and  void  ratio  and  void  in 
mineral  aggregate  ( VMA) .  Following  the  criteria  set  by  Georgia, 
it  is  observed  that  from  Table  5  that  the  standard  deviation  of 
stability  for  each  percent  of  asphalt  is  under  400  except  for 
unmodified  Cenex  at  5.5%,  for  Polybilt  modified  Cenex  at  6%,  and 
for  Kraton-4.3  modified  Cenex  at  5%,  6%,  and  6.5%.  Similarly,  the 
standard  deviation  of  Marshall  flow  exceeds  2  (.02  inch)  in  most 
of  the  cases  of  modified  and  unmodified  Cenex.  The  standard 
deviation  for  density  is  under  0.024  gm/cc  in  most  of  the  cases. 
In  comparing  the  Marshall  parameter  values  of  the  unmodified  and 
modified  Cenex,  the  modified  values  are  higher  than  the 
unmodified  values.  It  is  observed  that  the  VMA  values  did  not 
follow  any  pattern. 

From  Table  6  for  the  optimum  asphalt  content  for  the  Cenex 
group  of  asphalt,  it  is  observed  that  optimum  asphalt  content 
changed  by  0.76%  between  the  highest  and  lowest  values  (Cenex  and 
Polybilt) .  Asphalt  content  is  high  for  both  modified  and 
unmodified  asphalt. 

Table  7  shows  the  results  of  the  first  set  of  tests  of 
modified  and  unmodified  Conoco.  The  standard  deviation  of  the 
Marshall  stability  is  above  400  in  most  of  the  asphalt  contents 
for  both  modified  and  unmodified  Conoco  [6.5%  and  7%  of  Conoco, 

t  J 

5.5%  and  6%  of  Polybilt  modified  Conoco  and  5.5%  of  Kraton-4.3 
modified  Conoco] .  Similarly,  the  standard  deviation  of  the  unit 
weight  is  also  above  0.024  gm/cc.  The  VMA  values  show  the  raising 
pattern  with  the  asphalt  content. 
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Table  6.  Optimum  Asphalt  Content  for  Asphalt  Mix  Based  on  Test  Property  Curves  for  First  Case. 


Asphalt 

Cenex 

Kraton  (4.3%)Kraton  (6%)  Polybilt  ' 

Conoco 

Kraton  (4.3%) Kraton  (6%) 

Polybilt 

Modified  Modified 

Modified 

Modified  Modified 

Modified 

Cenex  Cenex 

Cenex 

Conoco  Conoco 

Conoco 

Marshall  Stability 

6.50% 

6.60% 

6.50% 

6.00% 

7.00% 

5.50% 

Unit  Weight 

6.50% 

7.00% 

6.50% 

6.00% 

7.00% 

6.50% 

Percent  Air  Void 

6.50% 

6.60% 

6.25% 

6.00% 

6.20% 

5.56% 

Optimum  Asphalt  Conten 

i  6.50% 

6.70% 

6.42% 

6.00% 

6.70% 

5.85% 

Test  Parameter  Values 

at  Optimum  Asphalt  Content 

Marshall  Stability 

1900.00 

2750.00 

2720.00 

1872.00 

2630.00 

3076.00 

Marshall  Flow 

12.30 

12.90 

12.00 

11.00 

15.30 

14.44 

Bulk  Specific  Gravity 

2.336 

2.337 

2.356 

2.364 

2.347 

2.343 

Percent  Air  Void  (%) 

3.  JO 

3.70 

4.10 

4.00 

1.60 

3.25 
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Table  7.  Results  of  Marshall  Test  Parameters  of  1989  Asphalts. 


Tests  Conoco  -  Unmodified  I 


Asphalt  Content 

5.007. 

5.50% 

6.00% 

6.50% 

7.00% 

Mean  Marshall  Stability 

1312.00 

1546.00 

1870.00 

1739.00 

1672.00 

Standard  Deviation 

183.00 

48.00 

336.00 

475.00 

436.00 

Mean  Marshall  Flow 

10.30 

10.30 

12.30 

12.00 

14.00 

Standard  Deviation 

0.58 

0.58 

1.53 

1.00 

1.00 

Mean  Bulk  Sp.  Gravity 

2.304 

2.288 

2.364 

2.318 

2.334 

Standard  Deviation 

0.032 

0.005 

0.013 

0.034 

0.002 

Rice  Specific  Gravity 

2.503 

2.468 

2.439 

2.434 

2.396 

Void  Ratio 

7.97 

7.27 

3.10 

5.00 

2.60 

VMA 

16.36 

17.38 

15.09 

17.  18 

17.06 

Tests  Polybilt 

Modified  Conoco  I 

Asphalt  Content 

5.00% 

5.50% 

6.00% 

6.50% 

7.00% 

Mean  Marshall  Stability 

2904.00 

3133.00 

2934.00 

2990.00 

2687.00 

Standard  Deviation 

72.00 

437.00 

557.00 

234.00 

127.00 

Mean  Marshall  Flow 

12.00 

15.00 

14.67 

17.33 

16.33 

Standard  Deviation 

0.00 

1.00 

1.15 

1.53 

2.52 

Mean  Bulk  Sp.  Gravity 

2.304 

2.334 

2.328 

2.368 

2.357 

Standard  Deviation 

0.005 

0.016 

0.025 

0.015 

0.011 

Rice  Specific  Gravity 

2.461 

2.433 

2.430 

2.41  1 

2.394 

Void  Ratio 

6.53 

4.09 

4.20 

1 .80 

1.57 

VMA 

10.66 

12.14 

12.72 

13.86 

14.92 

Tests  Kraton  (4 

.3%)  Modified  Conoco  I 

Asphalt  Content 

5.00% 

5.50% 

6.00% 

6.50% 

7.00% 

Mean  Marshal  1  Stabi 1 ity 

2646.00 

2005.00 

2246.00 

2634.00 

2675.00 

Standard  Deviation 

14.00 

620.00 

38.00 

557.00 

238.00 

Mean  Marshall  Flow 

19.33 

12.33 

13.67 

13.33 

16.30 

Standard  Deviation 

6.03 

1.53 

2.08 

1 .15 

1  .  15 

Mean  Bulk  Sp.  Gravity 

2.328 

2.283 

2.298 

2.349 

2.363 

Standard  Deviation 

0.019 

0.023 

0.015 

0.006 

0.011 

Rice  Specific  Gravity 

2.470 

2.466 

2.470 

2.417 

2.377 

Void  Ratio 

5.73 

7.40 

6.90 

2.80 

0.60 

VMA 

10.34 

10.95 

11.28 

13.65 

15.53 

On  observation  of  the  property  curves  of  the  Marshall 
parameter  tests  in  Appendix  B,  it  is  observed  that  the  points  in 
the  graph  form  two  humps,  signifying  the  possibility  of  two 
maximum  points.  It  is  noted  that  the  deviation  of  the  point  from 
the  smooth  curves  are  those  with  standard  deviations  higher  than 
400  for  stability  and  0.024  for  density  in  most  of  the  cases. 
Second  Case: 

The  second  case  of  the  tests  were  conducted  under  similar 
conditions  as  the  first  case,  that  is,  split  aggregate,  and 
temperature  range  300  -  310°F.  The  only  difference  is  that  the 
second  set  of  tests  were  conducted  within  a  relatively  short 
period  of  time,  and  the  operators  were  more  experienced. 

Table  8  shows  the  mean  and  standard  deviation  of  the  test 
results  of  Cenex  and  modified  Cenex.  Cenex  was  modified  with  4.3% 
of  Kraton  and  6%  of  neat  Kraton  [written  as  Kraton-4 . 3  and  Kraton 
-6]  and  Polybilt.  This  resulted  in  four  different  test  sets.  The 
standard  deviation  of  the  Marshall  stability  exceeds  400  for  5% 
and  7%  Cenex,  5.5%  Polybilt  and  6.5%  Kraton-6  modified  Cenex.  The 
standard  deviation  for  Marshall  flow  was  below  2  (.02  inch)  in 
most  of  the  cases.  The  standard  deviation  for  the  density 
remained  under  0.024  gm/cc  in  all  cases  except  for  5%  and  6% 
Polybilt  modified  Cenex.  It  is  also  observed  from  Table  8  that 
the  stability  value  did  not  'vary  greatly  between  the  different 
asphalt  contents.  The  difference  between  the  highest  stability  at 
6%  Cenex  and  least  stability  at  7%  asphalt  content  of  unmodified 
Cenex  is  312.  Similar  trends  were  observed  in  the  case  of 
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Table  8.  Results  of  Marshall  Test  Parameters  of  1989  Asphalts. 


Tests 


Unmodified  Cenex  II 


Asphalt  Content 

5.007. 

5.50% 

6.00% 

6.50% 

7.00% 

Mean  Marshall  Stability 

2469.00 

2548.00 

2695.00 

2625.00 

2383.00 

Standard  Deviation 

440.00 

45.00 

159.00 

132.00 

469.00 

Mean  Marshal  1  Flow 

10.67 

12.33 

12.33 

12.67 

13.67 

Standard  Deviation 

1.15 

2.08 

1 .15 

1.53 

1.53 

Mean  Bulk  Sp.  Gravity 

2.341 

2.314 

2.369 

2.363 

2.362 

Standard  Deviation 

0.011 

0.009 

0.004 

0.023 

0.013 

Rice  Specific  Gravity 

2.472 

2.461 

2.452 

2.421 

2.412 

Void  Ratio 

5.27 

5.94 

3.39 

2.41 

2.06 

VMA 

10.26 

11.13 

11.93 

13.50 

14.29 

Tests  Polybilt  Modified  i 

Cenex  I I 

Mean  Marshal  1  Stabi 1 ity 

2311.00 

2632.00 

2416.00 

2476.00 

2395.00 

Standard  Deviation 

360.00 

429.00 

293.00 

290.00 

178.00 

Mean  Marshall  Flow 

10.00 

14.00 

14.00 

14.67 

14.67 

Standard  Deviation 

1.00 

2.65 

1.73 

1.15 

1.15 

Mean  Bulk  Sp.  Gravity 

2.298 

2.328 

2.316 

2.367 

2.335 

Standard  Deviation 

0.038 

0.015 

0.027 

0.006 

0.014 

Rice  Specific  Gravity 

2.479 

2.438 

2.452 

2.409 

2.411 

Void  Ratio 

7.30 

4.51 

5.52 

1.75 

3.14 

VMA 

10.01 

11.96 

11.93 

13.93 

14.32 

Tests  Kraton 

(4.37.)  Modified  Cenex 

:  II 

Mean  Marshall  Stability 

2531.00 

2386.00 

2674.00 

2922.00 

2742.00 

Standard  Deviation 

214.00 

144.00 

234.00 

81.00 

136.00 

Mean  Marshal  1  Flow 

12.67 

12.00 

14.67 

14.00 

16.33 

Standard  Deviation 

1 .  15 

1.00 

1.15 

0.00 

1.53 

Mean  Bulk  Sp.  Gravity 

2.341 

2.343 

2.366 

2.355 

2.372 

Standard  Deviation 

0.014 

0.012 

0.010 

0.005 

0.006 

Rice  Specific  Gravity 

2.456 

2.437 

2.430 

2.404 

2.442 

Void  Ratio 

4.69 

3.84 

2.62 

2.05 

2.82 

VMA 

10.84 

12.00 

12.72 

14.11 

13.22 

Tests  Kraton 

67.  Modified 

Cenex  I  I 

Mean  Marshal  1  Stabi 1 ity 

1655.00 

1960.00 

2516.00 

2521.00 

2297.00 

Standard  Deviation 

141.00 

169.00 

232.00 

473.00 

391.00 

Mean  Marshal  1  Flow 

12.00 

16.33 

1  1 .33 

12.33 

14.33 

Standard  Deviation 

1.00 

2.89 

0.58 

0.58 

3.51 

Mean  Bulk  Sp.  Gravity 

2.279 

2.302 

2.333 

2.339 

2.335 

Standard  Deviation 

0.017 

0.015 

0.004 

0.005 

0.018 

Rice  Specific  Gravity 

2.471 

2.453 

2.432 

2.401 

2.406 

Void  Ratio 

7.77 

6.17 

4.06 

2.56 

2.96 

VMA 

10.30 

1  1.42 

12.65 

14.22 

14.50 

f 
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Table  9.  Optimum  Asphalt  Content  for  Asphalt  Mix  Based  on  Test  Property  Curves  Data. 
Test  Second  Case.  — 


Asphalt  Cenex  Kraton  (4.31)  Kraton  (6%)  Polybilt  Conoco  Kraton  (4.3%)  Kraton  (6%) Pol ybi 1 t 

Modified  Modified  Modified  Modified  Modified  Modified 

Cenex  Cenex  Cenex  Conoco  Conoco  Conoco 


Marshall  Stability 

6.00)1 

6.50% 

6.501 

5.50% 

5.50% 

5.50: 

7.00: 

6.00: 

Unit  Weight 

6.00% 

7.00% 

6.50% 

6.501 

6.50% 

5.50: 

7.00: 

6.oo: 

Percent  Air  Void 

5 .63% 

5.191 

6.001 

5.90% 

5.46X 

5.27: 

6.oo: 

6.07: 

Optimum  Asphalt  Content 

5 . 88% 

6.231 

6.33: 

5 . 97% 

5.82: 

5.42: 

6.67: 

6.02: 

Test  Parameter  Values  at  Optimum  Asphalt  Content 

Marshall  Stability 
* 

2678.00 

2857.00 

2453.00 

2578.00 

2643.00 

3000.00 

2325.00 

3088.00 

Marshall  Flow 

12.31 

13.20 

11.58 

14.06 

12.75 

12.80 

13.65 

12.47 

Bulk  Specific  Gravity 

2.367 

2.362 

2.335 

2.346 

2.366 

2.372 

2.343 

2.350 

Percent  Air  Void  C) 

3.50 

2.43 

3.67 

3.78 

3.27 

3.45 

3.33 

4.03 

35-1 


modified  Cenex  also.  This  shows  the  sensitivity  of  stability  with 
asphalt  content. 

From  Table  9  for  the  optimum  asphalt  content,  it  is  observed 
that  the  optimum  asphalt  remained  around  6%  asphalt  [5.88  for 
unmodified  Cenex  and  6.22,  6.33  and  5.97  for  Kraton-4 . 3 ,  Kraton-6 
and  Polybilt  modified  Cenex] .  The  Marshall  parameter  values  at 
optimum  asphalt  content  did  not  vary  much  from  unmodified  Cenex; 
for  Kraton-4. 3  modified  Cenex  it  was  high,  and  for  the  other 
modified  Cenex  was  lower  than  unmodified  Cenex.  Similar 
observations  were  noticed  in  the  case  of  the  Marshall  flow.  The 
lowest  density  was  2.335  for  Kraton-6  and  the  lowest  void  ratio 
was  2.43%  for  Kraton-4 . 3 . 

Table  10  shows  the  Marshall  parameters  for  modified  and 
unmodified  Conoco.  The  standard  deviation  of  the  Marshall 
stability  exceeds  400  only  at  7%  Conoco  and  5%  Kraton-4 . 3 
modified  Conoco.  However,  standard  deviation  of  the  Marshall  flow 
values  were  2.52  for  5%  Conoco,  2.08,  2.13  for  5.5%  and  7% 
Polybilt,  2.5  and  2.08  for  5%  and  6.5%  Kraton-4. 3,  and  2.52  for 
7%  Kraton-6  modified  Conoco,  which  exceeded  2  (.02  inch)  value. 
The  standard  deviation  of  the  density  remained  within  acceptable 
levels  of  0.024  except  for  5%  Conoco,  6.5%  Polybilt,  and  5% 
Kraton-4. 3  modified  Conoco.  The  difference  of  highest  and  lowest 
stability  between  the  asphalt  content  was  high.  It  was  815  for 
Conoco,  820  for  Polybilt,  983  for  Kraton-4 . 3 ,  and  1172  for  6% 
Kraton-6.  This  showed  that  the  stability  values  were  sensitive  to 
asphalt  content. 
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Table  10.  Results  of  Marshall  Test  Parameters  of  1989  Asphalts. 


Tests 


Unmodified  Conoco  II 


Asphalt  Content 

5.007. 

5.50% 

6.00% 

6.50% 

7.00% 

Mean  Marshall  Stability 

2199.00 

2677.00 

2565.00 

2420.00 

1862.00 

Standard  Deviation 

352.00 

170.00 

221.00 

265.00 

425.00 

Mean  Marshall  Flow 

10.33 

12.33 

13.00 

14.00 

13.00 

Standard  Deviation 

2.52 

0.58 

1.00 

2.00 

1.00 

Mean  Bulk  Sp.  Gravity 

2.322 

2.368 

2.364 

2.374 

2.356 

Standard  Deviation 

0.025 

0.013 

0.013 

0.002 

0.009 

Rice  Specific  Gravity 

2.476 

2.453 

2.441 

2.418 

2.414 

Void  Ratio 

6.23 

3.45 

3.  15 

1.82 

2.42 

VMA 

10.12 

11.42 

12.32 

13.61 

14.21 

Tests  Polybilt 

Mod i f i ed  Conoco  1 1 

Mean  Marshal  1  Stability 

3002.00 

3082.00 

3146.00 

2647.00 

2326.00 

Standard  Deviation 

160.00 

224.00 

158.00 

304.00 

277.00 

Mean  Marshall  Flow 

13.00 

12.50 

12.30 

13.67 

14.30 

Standard  Deviation 

1.00 

2.08 

1.15 

0.58 

2.13 

Mean  Bulk  Sp.  Gravity 

2.304 

2.320 

2.354 

2.300 

2.337 

Standard  Deviation 

0.017 

0.021 

0.022 

0.055 

0.017 

Rice  Specific  Gravity  ** 

2.465 

2.468 

2.441 

2.417 

2.397 

Vo i d  Rat i o  *  * 

6.53 

6.02 

3.58 

3.97 

2.52 

VMA 

10.52 

10.88 

12.32 

13.65 

14.82 

Tests  Kraton  (4 

.5%)  Modified  Conoco  II 

Mean  Marshal  1  Stabi 1 ity 

2206.00 

3001.00 

2771.00 

2019.00 

2160.00 

Standard  Deviation 

840.00 

270.00 

267.00 

69.00 

122.00 

Mean  Marshall  Flow 

1 1 .67 

14.00 

14.67 

13.67 

12.00 

Standard  Deviation 

2.52 

1.00 

1 .15 

2.08 

1.00 

Mean  Bulk  Sp.  Gravity 

2.308 

2.374 

2.369 

2.328 

2.349 

Standard  Deviation 

0.034 

0.016 

0.010 

0.022 

0.004 

Rice  Specific  Gravity 

2.475 

2.431 

2.423 

2.420 

2.406 

Vo i d  Rat i o 

6.72 

2.35 

2.22 

3.80 

2.35 

VMA 

10.  15 

12.22 

12.97 

13.54 

14.50 

Tests  Kraton  67. 

Mod i f i ed 

Conoco  I I 

Mean  Marshal  1  Stabi 1 ity 

1264.00 

1743.00 

1950.00 

2366.00 

2436.00 

Standard  Deviation 

264.00 

126.00 

156.00 

149.00 

97.00 

Mean  Marshall  Flow 

12.33 

12.00 

14.30 

14.67 

17.67 

Standard  Deviation 

0.58 

1.00 

0.58 

0.58 

2.52 

Mean  Bulk  Sp.  Gravity 

2.251 

2.296 

2.308 

2.340 

2.420 

Standard  Deviation 

0.012 

0.020 

0.006 

0.005 

0.015 

Rice  Specific  Gravity 

2.474 

2.449 

2.421 

2.393 

2.361 

Void  Ratio 

9.01 

6.15 

4.64 

2.23 

1.06 

VMA  t' 

10.  19 

1  1.57 

13.04 

14.50 

16.10 

\ 
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The  points  on  the  test  property  curve  for  density  of 
Polybilt  modified  conoco  strayed  away  from  the  curve  at  6.5%  at 
which  the  standard  deviation  was  high  (.055  against  .024).  Other 
curves  are  relatively  smooth. 

From  Table  9  of  the  optimum  asphalt  content,  it  was  observed 
that  the  optimum  asphalt  content  for  Kraton-6  is  higher  compared 
to  all  other  modified  and  unmodified  Conoco  [5.82%  for  Conoco, 
5.42%  for  Kraton-4 . 3 ,  6.67  for  Kraton-6  and  6.2%  for  Polybilt 
modified  Conoco] .  The  test  parameter  values  at  optimum  were 
different  for  modified  and  unmodified  Conoco.  The  stability 
values  3088  for  Polybilt  and  3000  for  Kraton-4 . 3  are  higher  than 
2643  for  unmodified  Conoco.  The  flow  did  not  change  much.  The 
density  of  Kraton-6  modified  Conoco  remained  least  at  2.343.  The 
void  ratio  remained  around  3.25  except  for  Polybilt  modified 
Conoco  in  which  the  void  ratio  was  4.03%.  The  test  parameter 
values  of  the  modified  and  unmodified  Conoco  remained  within  the 
Montana  State  specification. 

Overall  the  results  of  the  second  set  were  improved  to  a 
great  extent,  when  compared  to  the  first  set.  It  is  also  observed 
from  the  plot  of  the  Marshall  parameters  in  Appendix  B  that  the 
point  on  the  curve  for  stability,  flow  and  density  strayed  away 
at  the  point  of  greater  standard  deviation. 

Third  Case: 

The  third  case  utilized  the  controlled  test  temperature  with 
split  aggregate.  The  temperature  was  controlled  strictly.  The 
split  aggregate  is  heated  to  325  -  335°F  and  the  asphalt 
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temperature  was  maintained  in  the  range  of  275  -  285°F.  The  mix 
temperature  just  before  the  compaction  was  maintained  within  the 
limit  of  a  specified  range  of  temperature  depending  on  the 
viscosity  of  unmodified  asphalt.  For  Cenex  it  was  287  -  295°F  and 
for  Conoco  it  was  277  -  285°F.  The  Marshall  mold  specimen  test 
data  sheet  was  maintained  to  record  the  temperature  and  quantity 
of  asphalt  and  aggregate  for  each  test  specimen.  The  test  data 
sheet  is  presented  in  Appendix  C.  The  operators  were  more  careful 
in  conducting  the  tests. 

Table  11  shows  the  results  of  the  Marshall  test  parameters 
for  the  Cenex.  The  standard  deviations  of  the  Marshall  stability 
were  all  well  within  the  400  limit.  Similarly,  the  standard 
deviation  of  flow  values  were  also  within  the  limit  of  .02  inch 
except  for  5.5%  Polybilt  and  5%.  6%,  and  7%  Kraton-6  modified 
Cenex.  In  spite  of  the  good  low  standard  deviation  results,  the 
test  property  curves  were  not  smooth.  This  shows  that  there  are 
some  other  variables  related  to  the  test  and  preparation  of  the 
mold . 

The  difference  of  the  stability  value  between  the  highest 
and  lowest  asphalt  content  is  600  for  Cenex,  915  for  Polybilt, 

428  for  Kraton-4.3  and  202  for  Kraton-6.  This  shows  the 
sensitivity  of  stability  to  the  asphalt  content.  Similarly,  the 
range  of  density  values  .058,  .055,  .053,  and  .055  for  Cenex, 

Polybilt,  Kraton-4.3  and  Kraton-6,  respectively,  shows  the 
sensitivity  of  the  density  to  asphalt  content.  The  void  ratio 
stayed  high  in  the  case  of  Polybilt  modified  Cenex.  The  VMA 
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Table  11.  Results  of  Marshall  Test  Parameters  of  with  Splited  Aggregate. 


Tests  Unmodified  Cenex  III 


Asphalt  Content 

5.00% 

5.50% 

6.00% 

6.50% 

7.00% 

Mean  Marshall  Stability  (M.S.) 

1602.00 

1931.00 

1834.00 

2027.00 

2202.00 

Standard  Deviation  (M.S.) 

53.00 

103.00 

240.00 

216.00 

53.00 

Mean  Marshall  Flow  (M.F.) 

11.67 

10.33 

11.67 

11.33 

13.00 

Standard  Deviation  (M.F.) 

1.53 

0.58 

1.15 

1.53 

1.00 

Mean  Bulk  Sp.  Gravity  (B.S.G.) 

2.297 

2.319 

2.310 

2.346 

2.355 

Standard  Dev i at i on  (B.S.G.) 

0.013 

0.007 

0.003 

0.009 

0.003 

Rice  Specific  Gravity 

2.477 

2.487 

2.442 

2.411 

2.416 

Void  Ratio 

7.28 

6.74 

5.40 

2.69 

2.49 

VMA 

16.62 

16.26 

17.03 

16. 18 

16.31 

Tests  Polybilt 

Mod i f i ed 

Cenex  I I I 

Mean  Marshall  Stability  (M.S.) 

1851.00 

1491.00 

1395.00 

2102.00 

2210.00 

Standard  Deviation  (M.S.) 

143.00 

151.00 

61.00 

166.00 

225.00 

Mean  Marshall  Flow  (M.F.) 

11.67 

13.33 

14.00 

13.33 

14.33 

Standard  Dev i at i on  (M.F.) 

0.58 

2.08 

1.00 

1.53 

1.53 

Mean  Bulk  Sp.  Gravity  (B.S.G.) 

2.301 

2.291 

2.304 

2.327 

2.346 

Standard  Dev i at i on  (B.S.G.) 

0.015 

0.006 

0.021 

0.013 

0.020 

Rice  Specific  Gravity 

2.452 

2.423 

2.417 

2.424 

2.383 

Void  Ratio 

6.15 

5.46 

4.67 

4.03 

1.56 

VMA 

16.47 

17.27 

17.24 

16.86 

16.63 

Tests  Kraton  (4.3%)  Modified  Cenex  III 


Mean  Marshall  Stability  (M.S.) 

1992.00 

2161.00 

2015.00 

1733.00 

1784.00 

Standard  Deviation  (M.S.) 

142.00 

169.00 

354.00 

137.00 

336.00 

Mean  Marshall  Flow  (M.F.) 

12.00 

12.00 

12.33 

14.00 

18.00 

Standard  Dev i at i on  (M.F.) 

1.00 

0.00 

0.58 

1.00 

1.00 

Mean  Bulk  Sp.  Gravity  (B.S.G.) 

2.291 

2.317 

2.304 

2.310 

2.344 

Standard  Dev i at i on  (B.S.G.) 

0.009 

0.013 

0.015 

0.016 

0.007 

Rice  Specific  Gravity 

2.454 

2.440 

2.418 

2.432 

2.414 

Void  Ratio 

6.61 

5.01 

4.70 

5.03 

2.90 

VMA 

16.83 

16.33 

17.24 

17.47 

16.70 

Tests  Kraton 

(6%)  Modified  Cenex 

III 

Mean  Marshal  1  Stability  (M.S.) 

2305.00 

2176.00 

2275.00 

2327.00 

2378.00 

Standard  Deviation  (M.S.) 

•  165.00 

163.00 

349.00 

233.00 

81.00 

Mean  Marshall  Flow  (M.F.) 

11.33 

11.33 

13.67 

13.00 

14.33 

Standard  Deviation  (M.F.) 

2.50 

0.58 

2.08 

1.00 

2.08 

Mean  Bulk  Sp.  Gravity  (B.S.G.) 

2.289 

2.301 

2.320 

2.329 

2.344 

Standard  Deviation  (B.S.G.) 

0.026 

0.007 

0.005 

0.001 

0.007 

Rice  Specific  Gravity 

2.469 

2.438 

2.413 

2.420 

2.399 

Void  Ratio 

7.28 

5.62 

3.83 

3.75 

2.32 

VMA 

16.91 

16.91 

16.67 

16.79 

16.70 
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Table  12.  Optimum  Asphalt  Content  for  Asphalt  Mix  Based  on  Test  Property  Curves  Data. 
Test  Third  Case. 


Asphalt  Cenex  Kraton  (4.31)  Kraton  (6X)  Polybilt  Conoco  Kraton  (4.31)  Kraton  ( 6% ) Po 1 yb i It 

Modified  Modified  Modified  Modified  Modified  Modified 

Cenex  Cenex  Cenex  Conoco  Conoco  Conoco 


Marshall  Stability 

7.00% 

5.50% 

7.00% 

7.00% 

6.00% 

6.50% 

6.501 

7.00% 

Unit  Weight 

7.00% 

7.00% 

7.00% 

7.00% 

7.00% 

6.50% 

6. 501 

7.00% 

Percent  Air  Void 

6.25% 

6.73% 

5.95% 

6.501 

5.67% 

6.10% 

5.571 

6.70% 

Optimum  Asphalt  Content 

6.75% 

6.41% 

6. 651 

6.83% 

6.22% 

6.37% 

6.19% 

6.90% 

Test  Parameter  Values  at  Optimum  Asphalt  Content 

Marshall  Stability 

2193.00 

2023.00 

2335.00 

2200.00 

1846.00 

2336.00 

2638.00 

2112.00 

Marshall  Flow 

12.13 

13.25 

13.20 

14.15 

10.58 

12.80 

14.80 

13.04 

Bulk  Specific  Gravity 

2.351 

2.327 

2.337 

2.342 

2.353 

2.348 

2.345 

2.336 

Percent  Air  Void  (X) 

2.83 

4.20 

3.10 

3.58 

2.89 

3.14 

2.10 

3.79 

41 


remained  above  15%  in  all  cases. 

Table  12  for  optimum  asphalt  content  shows  that  optimum 
asphalt  content  remained  high  between  6.41  to  7%  for  all  modified 
and  unmodified  Cenex.  The  Marshall  stability  values  remained 
within  2000  to  2335.  There  was  not  much  difference  in  flow  values 
between  the  unmodified  and  modified  Cenex.  The  void  ratio  values 
are  2.83  for  Cenex  and  4.2%  for  Kraton-4 . 3 .  The  parameter  values 
at  optimum  asphalt  content  falls  within  the  Montana  State 
specification. 

Table  13  shows  that  the  Marshall  test  parameter  values  for 
modified  and  unmodified  Conoco  for  the  third  case.  The  standard 
deviation  of  the  Marshall  stability  value  falls  under  400  for  all 
asphalts.  Similarly,  the  standard  deviation  for  flow  falls  under 
0.02  inch  for  all  except  6%  unmodified  Conoco  and  7%  for  Kraton-6 
modified  Conoco.  The  void  ratios  stayed  low  at  the  higher  asphalt 
content.  VMA  values  were  above  15%. 

Table  12  for  the  optimum  asphalt  content  shows  that  the 
optimum  asphalt  content  stayed  between  6  and  6.9.  The  stability 
value  for  unmodified  Conoco  is  low  at  1846.  Relatively,  the 
stability  value  improved  for  modified  Conoco  at  2112  to  2638.  The 
density  remained  high  for  unmodified  Conoco.  The  void  ratio 
remained  low  at  2.89  and  2.10  for  unmodified  and  Kraton-6 
modified  Conoco.  The  values  are  within  the  Montana  State  Highways 
specification  except  for  the  stability  for  Conoco. 

75  Blows  Case: 

The  Marshall  specimen  molds  with  split  aggregate  were  made 


* 
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Table  13.  Results  of  Marshall  Test  Parameters  with  Spl ited  Aggregate. 


Unmodified  Conoco  III 


Asphalt  Content 

5.00% 

5.50% 

6.00% 

6.50% 

7.0C 

Mean  Marshall  Stability  (M.S.) 

1634.00 

1650.00 

1872.00 

1357.00 

1630.  OC 

Standard  Deviation  (M.S.) 

249.00 

110.00 

156.00 

292.00 

172.  OC 

Mean  Marshall  Flow  (M.F.) 

9.33 

11.00 

10.00 

13.00 

12.33 

Standard  Deviation  (M.F.) 

1 .15 

1.00 

1.00 

3.00 

1.53 

Mean  Bulk  Sp.  Gravity  (B.S.G.) 

2.297 

2.329 

2.344 

2.348 

2.363 

Standard  Dev i at i on  (B.S.G.) 

0.017 

0.011 

0.024 

0.008 

0.013 

Rice  Specific  Gravity 

2.477 

2.451 

2.424 

2.407 

2. 406 

Void  Ratio 

7.29 

4.96 

3.32 

1.88 

1 .8< 

VMA 

16.91 

16.91 

16.67 

16.79 

16.71 

Tests  Polybilt 

Modified  Conoco  III 

Mean  Marshall  Stability  (M.S.) 

2085.00 

2033.00 

2065.00 

2056.00 

21 17. OC 

Standard  Deviation  (M.S.) 

81.00 

208.00 

145.00 

93.00 

80.  Ot 

Mean  Marshall  Flow  (M.F.) 

11.00 

11.00 

10.67 

12.33 

13.33 

Standard  Deviation  (M.F.) 

0.00 

1.00 

0.58 

1.53 

O.Of 

Mean  Bulk  Sp.  Gravity  (B.S.G.) 

2.274 

2.305 

2.309 

2.299 

2.333 

Standard  Dev i at i on  (B.S.G.) 

0.002 

0.009 

0.006 

0.001 

0.004 

Rice  Specific  Gravity 

2.469 

2.454 

2.424 

2.416 

2.374 

Void  Ratio 

7.90 

6.05 

4.47 

4.83 

1.41 

VMA 

16.62 

15.90 

15.81 

16. 1  1 

16.81 

Tests  Kraton 

(4 

.3%)  Modified  Conoco  III 

Mean  Marshall  Stability  (M.S.) 

1686.00 

1810.00 

1725.00 

2827.00 

2085.01 

Standard  Deviation  (M.S.) 

242.00 

135.00 

214.00 

172.00 

397.  OC 

Mean  Marshall  Flow  (M.F.) 

10.67 

12.00 

1 1.33 

15.00 

15.3: 

Standard  Deviation  (M.F.) 

0.58 

1.73 

1.15 

1.00 

1.13 

Mean  Bulk  Sp.  Gravity  (B.S.G.) 

2.294 

2.294 

2.321 

2.359 

2.333 

Standard  Deviation  (B.S.G.) 

0.015 

0.019 

0.033 

0.005 

0.021 

Rice  Specific  Gravity 

2.442 

2.455 

2.427 

2.417 

2.31 

Void  Ratio 

6.07 

6.53 

4.33 

2.40 

1 .63 

VMA 

17.45 

16.77 

17.06 

17.86 

16.81 

Tests  Kraton 

(6%)  Modified 

Conoco  I I I 

Mean  Marshal  1  Stability  (M.S.) 

2284.00 

2494.00 

2327.00 

2675.00 

2297 .  OCt 

Standard  Deviation  (M.S.) 

237.00 

359.00 

326.00 

344.00 

315. 0C| 

Mean  Marshall  Flow  (M.F.) 

17.00 

12.67 

15.00 

16.33 

18. 66 

Standard  Deviation  (M.F.) 

1.00 

1.53 

1.73 

0.58 

2.  Of 

Mean  Bulk  Sp.  Gravity  (B.S.G.) 

2.306 

2.325 

2.262 

2.368 

2.36) 

Standard  Deviation  (B.S.G.) 

0.024 

0.025 

0.024 

0.005 

0.001 

Rice  Specific  Gravity 

2.471 

2.447 

2.408 

2.409 

2.391 

Void  Ratio 

6 . 68 

5.01 

1.03 

1.68 

1 .53 

VMA 

16.73 

•  17.16 

16.63 

15.72 

17.03 
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with  75  blows  of  compactive  effort.  The  temperature  was 
maintained  as  in  the  third  case.  Table  14  shows  the  result  of  the 
Marshall  test  parameter  for  75  blows  compaction  for  the 
unmodified  Cenex  and  Conoco.  The  standard  deviations  of  Marshall 
stability  were  well  under  400  except  for  6%  Cenex.  The  standard 
deviations  of  Marshall  flow  were  well  under  . 02  inch  except  for  6 
%  Cenex  and  4.5%  Conoco.  Similarly,  the  standard  deviations  of 
the  density  were  also  under  .024  except  for  5.5%  and  6%  Cenex. 

The  standard  deviation  of  the  all  test  parameters  for  Conoco  was 
well  under  the  limit.  This  may  explain  why  the  test  property 
curves  of  Conoco  were  smooth.  As  expected,  the  void  ratio  was 
lower  at  higher  asphalt  content.  The  difference  between  the 
highest  and  lowest  stability  values  at  different  asphalt  contents 
were  339  and  677  for  Cenex  and  Conoco  respectively.  Similar 
differences  for  density  were  .062  and. 084  for  Cenex  and  Conoco 
respectively.  Conoco  was  more  sensitive  to  the  asphalt  content. 

The  absolute  values  of  stability  and  density  at  75  blows 
were  higher  than  those  of  50  blows  for  both  Cenex  and  Conoco, 
while  flow  values  remained  within  the  same  range.  The  optimum 
asphalt  content  for  the  75  blows  compacted  specimen  is  given  in 
Table  15.  The  optimum  asphalt  content  was  6.08%  for  Cenex  and 
5.59%  for  Conoco.  The  stability  was  2460  compared  to  2193  for 
Cenex  and  2385  compared  to  2193  for  Conoco.  The  Marshall  flow 
value  remained  about  the  same  (12  and  11.50  compared  to  12.13  and 
10.58  for  Cenex  and  Conoco  respectively).  The  change  in  density 
(2.384  against  2.353)  for  Conoco  was  bigger  than  for  Cenex  (2.353 
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Table  14.  Results  of  Marshall  Test  Parameters  with  75  Blows  Compaction. 


Tests 


Unmodified  Cenex  with  75  Blows 


Asphalt  Content 

4.50% 

5.00% 

5.50% 

6.00% 

6.50% 

Mean  Marshall  Stability  (M.S. 

)  2328.00 

2136.00 

2414.00 

2475.00 

2317.00 

Standard  Deviation  (M.S.) 

244.00 

77.00 

38.00 

541.00 

190.00 

Mean  Marshall  Flow  (M.F.) 

12.33 

9.33 

11.00 

11.67 

13.67 

Standard  Deviation  (M.F.) 

1.52 

0.58 

1.00 

2.08 

1.53 

Mean  Bulk  Sp.  Gravity  (B.S.G. 

)  2.319 

2.345 

2.337 

2.351 

2.381 

Standard  Deviation  (B.S.G.) 

0.01 

0.003 

0.034 

0.026 

0.004 

Rice  Specific  Gravity 

2.483 

2.479 

2.462 

2.437 

2.421 

Void  Ratio 

6.59 

5.39 

5.07 

3.50 

1.62 

VMA 

15.37 

16.62 

16.26 

17.03 

16.18 

Tests 

Unmodi f i ed 

Conoco  with  75  Blows 

Asphalt  Content 

4.50% 

5.00% 

5.50% 

6.00% 

6.50% 

Mean  Marshall  Stability  (M.S. 

)  1721.00 

2196.00 

2398.00 

2160.00 

1893.00 

Standard  Dev i at i on  (M.S.) 

189.00 

128.00 

288.00 

276.00 

328.00 

Mean  Marshall  Flow  (M.F.) 

9.33 

10.33 

12.00 

12.67 

15.67 

Standard  Deviation  (M.F.) 

2.52 

1 .15 

1.00 

1.15 

0.58 

Mean  Bulk  Sp.  Gravity  (B.S.G. 

)  2.309 

2.352 

2.380 

2.393 

2.384 

Standard  Deviation  (B.S.G.) 

0.01 

0.006 

0.008 

0.014 

0.012 

Rice  Specific  Gravity 

2.505 

2.477 

2.455 

2.448 

2.422 

Void  Ratio 

7.82 

5.05 

3.03 

2.25 

1.59 

VMA 

15.37 

14.87 

15.61 

15.55 

14.93 
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Table  15.  Optimum  Asphalt  Content  for  Asphalt  Mix  Based  on  Test  Property  Curv  Data 


For  75  Blows 

Asphalt  Cenex  Kraton  (6%)  Polybilt 

Mod i f i ed  Mod i f i ed 

Cenex  Cenex 

Conoco  Kraton  (6%)  Polybilt 
Mod i f i ed  Mod i f i ed 

Conoco  Conoco 

Marshall  Stability  6.00% 

5.50% 

Unit  Weight  6.50% 

6.00% 

Percent  Air  Void  5.75% 

5.27% 

Optimum  Asphalt  Conten  6.08% 

5.59% 

Test  Parameter  Values  at  Optimum  Asphalt  Content 


Marshall  Stability  2460.00 

2385.00 

Marshal  1  Flow  12.00 

11.50 

Bulk  Specific  Gravity  2.353 

2.384 

Percent  Air  Void  (%)  3.18 

3.10 

t 
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against  2.351).  As  the  optimum  asphalt  content 

was  reduced  from  6.75  for  50  blows  to  6.08  for  75  blows  in  the 
case  of  Cenex,  the  void  ratio  was  increased  to  the  more 
acceptable  range  of  3.18  from  2.83.  Similarly,  asphalt  content 
was  reduced  from  6.22  to  5.59  for  Conoco  by  increasing  the 
compactive  effort;  the  void  ratio  was  increased  to  3.10  from 
2.89.  These  values  are  in  a  more  acceptable  range. 

Controlled  Aggregate: 

This  set  of  tests  was  carried  out  with  controlled  aggregate 
as  discussed  in  the  aggregate  discussion.  It  was  observed  that 
minus  #200  sieve  size  particle  amounts  were  consistently  low  in 
all  test  specimens.  There  were  only  2.5%  of  minus  #200  instead  of 
6%  (4.5  to  7.5%  range).  The  low  in  fines,  as  a  variable  in  the 
aggregate  sample,  may  have  caused  the  cause  of  higher  errors. 
Because  of  the  low  in  fines  smooth  test  property  curves  did  not 
result.  A  high  void  ratio  and  high  asphalt  content  in  both 
modified  and  unmodified  asphalt  were  evident.  To  eliminate  this 
effect  each  set  of  aggregate  was  meticulously  made  utilizing  the 
median  value  of  the  specification  band  of  the  aggregate.  The 
whole  process  was  randomized  and  the  sampling  scheme  was  prepared 
to  minimize  the  effect  of  ignored  variables  (operator,  equipment 
and  small  differences  of  temperatures) .  Only  three  asphalt 
variables  were  considered  for  this  set  of  randomized  testing. 

They  were  unmodified  Cenex,  Kraton-6,  and  Polybilt  modified 
Cenex.  Another  set  of  tests  for  Conoco  were  conducted  in  the  same 
way. 
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The  Marshall  mold  specimens  were  prepared  in  the  randomized 
order  including  the  replication  of  three  molds  at  each  asphalt 
content.  The  Marshall  parameter  tests  were  also  conducted  in  the 
same  random  order.  The  results  obtained  are  shown  in  Table  16. 

The  improvement  achieved  by  increasing  compactive  effort  was 
greater  than  that  achieved  by  modification  as  shown  in  Figure  2, 
3,  4,  and  5.  The  relative  differences  of  test  data  at  optimum 
asphalt  content  between  the  unmodified  and  modified  Cenex 
compared  to  split  aggregate  and  75  blows  data  are  shown  in 
Figures  6,  7,  8,  and  9. 

The  test  property  curves  for  the  randomized  controlled 
aggregate  were  relatively  smooth  as  shown  in  Appendix  B. 

There  are  no  data  points  that  deviate  appreciably  from  the 
curves,  which  display  definite  maximum  curve  form. 

From  Table  16,  it  is  noticed  that  the  standard  deviations 
are  below  400  except  for  Polybilt  and  Kraton-6  modified  Cenex 
(409  at  5.5%  and  445  at  5%  asphalt  content  respectively).  The 
standard  deviations  of  Marshall  flow  are  all  below  .02  inch 
except  for  Polybilt  (  2.51  at  5%,  3  at  6%,  2.08  at  6.5%,  and  2.65 
at  7%)  and  Kraton-6  (2.31  at  6.5%)  modified  Cenex.  The  standard 
deviation  for  the  bulk  specific  gravity  (density)  is  all  under 
.024  except  for  Kraton-6  (.032  at  5.5%  asphalt)  modified  Cenex. 

The  difference  between  maximum  and  minimum  stability  values 
for  the  range  of  asphalt  content  is  464,  479,  and  635  for 
unmodified  Cenex,  Polybilt  and  Kraton-6  modified  Cenex, 
respectively.  Similar  differences  for  flow  are  4.00,  2.00,  and 
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Table  16. 
Tests 


Results  of  Marshall  Test  Parameters  with  Controlled  Aggregate. 
Unmodified  Cenex  Controlled  Aggregate 


Asphalt  Content 

Mean  Marshall  Stability  (M.S.) 
Standard  Deviation  (M.S.) 

Mean  Marshall  Flow  (M.F. ) 
Standard  Deviation  (M.F.) 

Mean  Bulk  Sp.  Gravity  (B.S.G.) 
Standard  Dev i at i on  (B.S.G.) 
Rice  Specific  Gravity 
Standard  Deviation  (R.S.G.) 
Void  Ratio  Percent  (V.R.) 
Standard  Deviation  (V.R.) 

VMA 

Tests  Polybilt 

Asphalt  Content 

Mean  Marshall  Stability  (M.S.) 
Standard  Deviation  (M.S.) 

Mean  Marshal  1  Flow  (M.F. ) 
Standard  Deviation  (M.F.) 

Mean  Bulk  Sp.  Gravity  (B.S.G.) 
Standard  Deviation  (B.S.G.) 

Rice  Specific  Gravity 
Standard  Deviation  (R.S.G.) 

Void  Ratio  Percent  (V.R.) 
Standard  Deviation  (V.R.) 

VMA 

Tests  Kraton  (i 

Asphalt  Content 


5.00% 

5.50% 

6.00% 

6.50% 

7.00 

2225.00 

2330.00 

2426.00 

2037.00 

1958.00 

295.00 

399.00 

40.00 

299.00 

254.00 

11.33 

11.67 

12.67 

15.33 

15.33 

0.58 

0.58 

0.58 

0.58 

1.53 

2.359 

2.379 

2.395 

2.369 

2.381 

0.010 

0.032 

0.01 1 

0.027 

0.002 

2.468 

2.460 

2.452 

2.421 

2.414 

0.008 

0.002 

0.008 

0.009 

0.011 

4.42 

3.28 

2.33 

2. 16 

1.36 

0.116 

1.320 

0.168 

1.210 

0.481 

14.37  14.09  13.97  15.36 

Modified  Cenex  Controlled  Aggregate 

15.39 

5.00% 

5.50% 

6.00% 

6.50% 

7.007 

2261.00  2425.00 

2485.00 

2438.00  2006.00 

381.00 

409.00 

300.00 

165.00 

161.00 

15.33 

13.00 

14.00 

17.30 

15.00 

2.51 

1.00 

3.00 

2.08 

2.65 

2.358 

2.377 

2.392 

2.383 

2.371 

0.010 

0.007 

0.009 

0.013 

0.006 

2.470 

2.470 

2.435 

2.426 

2.414 

0.012 

0.023 

0.008 

0.009 

0.005 

4.53 

3.75 

1.77 

1.77 

1.78 

0.410 

0.679 

0.325 

0.061 

0.045 

14.40 

)  Modified 

14.17  14.08 

Cenex  Controlled 

14.86 

Aggregate 

15.74 

5.00% 

5.50% 

6.00% 

6.50% 

7.00% 

Mean  Marshall  Stability  (M.S.) 

2306.00 

Standard  Deviation  (M.S.) 

445.00 

Mean  Marshall  Flow  (M.F.) 

1  1.67 

Standard  Dev i at i on  (M.F.) 

0.58 

Mean  Bulk  Sp.  Gravity  (B.S.G.) 

2.345 

Standard  Dev i at i on  (B.S.G.) 

0.017 

Rice  Specific  Gravity 

2.462 

Standard  Deviation  (R.S.G.) 

0.006 

Void  Ratio  Percent  (V.R.) 

4.73 

Standard  Deviation  (V.R.) 

0.669 

VMA 

14.40 

2382.00 

2286.00 

2279.00 

1747.00 

329.00 

164.00 

243.00 

177.00 

13.33 

15.00 

17.33 

20.00 

1.15 

1 .00 

2.31 

0.00 

2.359 

2.364 

2.371 

2.359 

0.032 

0.010 

0.008 

0.008 

2.465 

2.439 

2.413 

2.399 

0.005 

0.023 

0.013 

0.001 

4.30 

2.93 

1.77 

1.68 

1.129 

0.590 

0.484 

0.246 

14.  17 

14.08 

14.86 

15.74 
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Controlled  Aggregate  and  75  Blows  compaction 


Flow 


Flow  for  Cenex  Unmodified 


'i  n  i 

rercent 


Figure  •  Comparison  of  Flow  of  Cenex  with  Split 
Controlled  Aggregate  and  75  Blows  compaction 
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Figure  4.  Comparison  of  Density  of  Cenex  with  Split 
Controlled  Aggregate  and  75  Blows  compaction 
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Figure  5.  Comparison  of  Void  Ratio  of  Cenex  with  Split 
Controlled  Aggregate  and  75  Blows  compaction 
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Stability  at  Optimum  Asphalt  Content 


Modified  and  Unmodified  Cenex 


Figure  6.  Relative  Difference  of  Stability  Between  Split 
Aggregate  and  75  Blows 
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!•  larshall  F  low  at  Optimum  Asphalt  Canter 


Modified  and  Unmodified  Cenex 


Figure  7 


Relative  Difference  of  Flow  Between  Split 


Aggregate  and  7 5  Blows 


Density  at  Optimum  Asphalt  Content 


Modified  and  Unmodified  Cenex 


\ 


odified  and  Unmodified  Cenex 


Figure  8.  Relative  Difference  of  Density  Between  Split 


Aggregate  and  75  Blows 


Void  Ratio  at  Optimum  Asphalt  Content 


Modified  and  Unmodified  Cenex 
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Figure  9.  Relative  Difference  of  Void  Ratio  Between  Split 


Aggregate  and  75  Blows 


8.33  for  unmodified,  Polybilt,  and  Kraton-6  modified  Cenex. 
Differences  of  density  at  different  asphalt  contents  are  .026, 
.034  and  .026  for  unmodified  cenex,  Polybilt  and  Kraton-6 
modified  Cenex  respectively.  Specified  percentage  void  ratio 
values  are  achieved  at  lower  asphalt  content.  The  VMA  values  are 
low  in  the  range  of  14  to  15%. 

Table  17  shows  the  optimum  asphalt  contents  for  asphalt 
mixes  based  on  the  test  property  curve  data  for  controlled 
aggregate.  The  optimum  asphalt  content  is  5.72,5.85,  and  5.73  for 
the  Kraton-6,  Polybilt  modified  and  unmodified  asphalt, 
respectively.  These  values  are  the  lowest  asphalt  contents 
particularly  in  comparison  to  the  split  aggregate  results. 
Marshall  stability  values  between  the  unmodified  and  modified 
Cenex  are  not  much  different  (2386,  2357,  2465).  The  densities 
are  higher,  compared  to  those  of  split  aggregate  and  75  blows. 

The  flow  values  are  high  in  the  case  of  modified  asphalt  compared 
to  those  of  unmodified  Cenex  (14.4,  13.5  compared  to  12.1).  The 
void  ratios  are  2.7,  2.6,  and  3.01%  for  unmodified,  Polybilt  and 
Kraton-6  modified  Cenex  respectively.  Although  void  ratios  for 
Cenex  and  Polybilt  modified  Cenex  are  on  the  lower  side,  the 
results  meet  the  Montana  Highway  specification. 

Table  18  shows  the  means  and  standard  deviations  of  the 
modified  and  unmodified  Conoco.  It  was  observed  that  the  standard 
of  deviation  of  the  Marshall  stability  and  unit  weight  values 
remained  below  400  and  .024  respectively.  However,  the  standard 
deviation  of  the  Marshall  flow  values  were  above  .02  inch  for 
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1989  Asphalt 


Table  17.  Optimum  Asphalt  Content  for  Asphalt  Mix  Based  on  Test  Property  Curves  D< 
For  Controlled  Aggregate. 


Asphalt  Cenex  Kraton  (6%)  Polybilt  Conoco  Kraton  (6%)  Polybill 


Mod i f i ed 

Mod i f i ed 

Mod  if i ed 

Mod  i  f  i  e( 

Cenex 

Cenex 

Conoco 

Conoco 

Marshall  Stability 

6.00% 

5.50% 

6.00% 

5.50% 

6.00% 

5.51 

Unit  Weight 

6.00% 

6.50% 

6.00% 

5.00% 

5.50% 

5.5( 

Percent  Air  Void 

5.15% 

5 . 56% 

5.18% 

6.00% 

6.00% 

6.51 

Optimum  Asphalt  Conten 

5.72% 

5.85% 

5.73% 

5.50% 

5.83% 

5.8; 

Test  Parameter  Values  « 

at  Optimum 

Asphalt  Content 

Marshall  Stability 

2386.00 

2357.00 

2465.00 

2340.00 

2632.00 

2636. OC 

Marshall  Flow 

12.10 

14.40 

13.50 

1  1.54 

15.25 

15.15 

Bulk  Specific  Gravity 

2.388 

2.365 

2.386 

2.387 

2.379 

2.381 

Percent  Air  Void  Ratio 

2.70 

3.01 

2.64 

3.00 

2.74 

2.71 

1989  Asphalt 


Table  18.  Results  of  Marshall  Test  Parameters  with  Controlled  Aggregate. 


Tests 


Unmodified  Conoco  Controlled  Aggregate 


Asphalt  Content 

Mean  Marshall  Stability  (M.S.) 
Standard  Dev i at i on  (M.S.) 

Mean  Marshall  Flow  (M.F.) 

Standard  Deviation  (M.F.) 

Mean  Bulk  Sp.  Gravity  (B.S.G.) 
Standard  Dev i at i on  (B.S.G.) 

Mean  Rice  Specific  Gravity  (R.S.G.) 
Standard  Dev i at i on  (R.S.G.) 

Void  Ratio  Percent  (V.R.) 

Standard  Deviation  (V.R.) 

VMA 

Tests  Polybilt 

Asphalt  Content 

Mean  Marshall  Stability  (M.S.) 
Standard  Dev i at i on  (M.S.) 

Mean  Marshall  Flow  (M.F.) 

Standard  Deviation  (M.F.) 

Mean  Bulk  Sp.  Gravity  (B.S.G.) 
Standard  Deviation  (B.S.G.) 

Mean  Rice  Specific  Gravity  (R.S.G.) 
Standard  Deviation  (R.S.G.) 

Void  Ratio  Percent  (V.R.) 

Standard  Dev i at i on  (V.R.) 

VMA 


Tests 


Asphalt  Content 


Kraton 


Mean  Marshall  Stability  (M.S.) 
Standard  Dev i at i on  (M.S.) 

Mean  Marshall  Flow  (M.F.) 

Standard  Deviation  (M.F.) 

Mean  Bulk  Sp.  Gravity  (B.S.G.) 
Standard  Deviation  (B.S.G.) 

Mean  Rice  Specific  Gravity  (R.S.G.) 
Standard  Dev i at i on  (R.S.G.) 

Void  Ratio  Percent  (V.R.) 

Standard  Deviation  (V.R.) 

VMA 


5.00% 

5.50% 

6.00% 

6.50% 

7 . 003 

2314.00 

2340.00 

2123.00 

2102.00 

2074.00 

0.00 

227.00 

84.00 

155.00 

157.00 

11.33 

11.33 

13.67 

14.33 

19.00 

0.58 

0.58 

0.58 

1.15 

2.00 

2.383 

2.387 

2.398 

2.390 

2.387 

0.006 

0.013 

0.006 

0.006 

0.005 

2.481 

2.462 

2.443 

2.416 

2.398 

0.024 

0.012 

0.010 

0.015 

0.019 

3.97 

3.03 

1 .83 

1.07 

0.99 

1.149 

0.512 

0.455 

0.391 

0.120 

14.37  14.09  13.97  15.36 

lodified  Conoco  Controlled  Aggregate 

15.39 

5.00% 

5.50  % 

6.00% 

6.50% 

7.00‘ 

2496.00 

2739.00 

2565.00 

2357.00 

2087.00 

260.00 

54.00 

91.00 

159.00 

143.00 

1 1.33 

14.67 

16.00 

16.33 

18.33 

0.58 

2.52 

1.73 

0.58 

1.53 

2.363 

2.385 

2.387 

2.390 

2.382 

0.006 

0.005 

0.015 

0.006 

0.004 

2.481 

2.423 

2.433 

2.418 

2.408 

0.006 

0. 1 16 

0.006 

0.004 

0.003 

4.76 

3.94 

1 .88 

1.17 

1.08 

0.295 

1.010 

0.496 

0.162 

0.289 

14.40 

14.17 

14.08 

14.86 

15.74 

,)  Modified  Conoco 

Controlled  Aggregate 

5.00% 

5.50% 

6.00% 

6.50% 

7 . 00‘ 

2342.00 

2253.00 

2678.00 

2100.00 

2258.00 

202.00 

173.00 

188.00 

222.00 

162.00 

12.67 

14.33 

16.33 

18.00 

25.00 

1  .15 

1.53 

2.52 

2.64 

6.24 

2.349 

2.370 

2.384 

2.377 

2.377 

0.005 

0.014 

0.010 

0.003 

0.006 

2.458 

2.468 

2.427 

2.390 

2.397 

0.014 

0.015 

0.021 

0.015 

0.010 

4.43 

3.98 

1.76 

0.67 

0.83 

0.725 

0.064 

0.470 

0.480 

0.255 

14.87 

14.82 

15.09 

15.29 

16.17 
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5.5%  Polybilt  modified  Conoco  and  for  6%,  6.5%  and  7%  Kraton-6 
modified  Conoco.  The  range  of  highest  and  lowest  stability  values 
of  five  different  asphalt  content  were  266,  652  and  578  for 
unmodified  Conoco,  Polybilt  and  Kraton  modified  Conoco 
respectively.  This  indicated  that  unmodified  Conoco  was  not  as 
sensitive  to  asphalt  content  as  modified  Conoco.  The  data  of 
Kraton  modified  Conoco  fluctuated  some  what  even  though  there  was 
a  definite  peak  value.  Whereas  unmodified  and  Polybilt  modified 
Conoco  had  a  smooth  curve  with  definite  peak  value  as  shown  in 
the  Appendix  B. 

From  Table  17,  it  was  observed  that  the  optimum  asphalt 
content  were  5.5,  5.83  and  5.83  for  unmodified  Conoco,  Polybilt 
and  Kraton  modified  Conoco  respectively.  It  indicated  that  the 
optimum  asphalt  content  for  modified  asphalt  were  higher  to 
unmodified  asphalt.  The  Marshall  stability  and  flow  values  were 
increased  by  about  same  degree  (2632  and  2636  versus  2340  and 
15.25  and  15.15  versus  11.54)  due  to  modification  of  Conoco.  The 
void  ratios  were  decreased  to  almost  same  degree  (2.74  and  2.71 
versus  3)  because  of  modification  of  Conoco.  However,  unit  weight 
of  Kraton  modified  asphalt  decreased  while  that  of  polybilt 
modified  Conoco  remained  same  as  unmodified  Conoco.  Low  void 
ratio  and  high  Marshall  stability  for  modified  Conoco  could 
indicate  that  modification  could  result  in  better  compaction  with 
50  blows. 

Figures  10,  11,  12,  and  13  show  the  comparison  of  split, 
controlled  aggregate  with  50  blows  and  split  aggregate  with  75 
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Via  rah  all  Stability 


F i q ure  1 0 .  Comparison  of Con oc o__.w i •  th. ._Se_1j, t_a — 

Con t r o.l  led  Aggregate  and  75_B .1  ows„ _cgiDP-#g bioil  - 
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Marahall  Flow 


Figure _ 1 1 . _ Comparison  of  Flow  of  Conoco  w i t h  Split , 

Controlled . Aggregate  and  75  Blows  compaction 
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F  i  ni  irp  12.  Comparison,  op  Den  is.  i  t  y. ...  o  £  _  Q.  9.  .1 Q  £  g......  *  *- 

- i9-  -Control  lid  Mate . and  .75  Blows  compaction  _ 
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Void  Ratio 


o 


Asphalt  Percent 


Figure  13.  Comparison  of  VoicJ 
Controlled  Aggregate  jand 


Ratio  o f  Conoco  with  _SpLl t 
75  Blows . compaction  _ 


V 


blows  compaction  for  the  Marshall  parameters,  stability,  flow, 
unit  weight  and  void  ratio  respectively.  It  was  observed  that 
parameter  values  at  all  asphalt  content  were  improved  with 
controlled  aggregate  and  75  blows  compaction.  Similarly,  Figure 
14,  15,  16  and  17  show  the  comparison  of  Marshall  parameters  for 
unmodified  and  modified  Conoco. 

EXPERIMENTAL  DESIGN 

Differences  in  test  results  between  split  aggregate,  and 
controlled  aggregate  and  the  number  of  blows  between  the  modified 
and  unmodified  asphalt  in  each  case  were  noticed.  It  is  important 
to  know  whether  these  differences  were  caused  by  different 
control  variables  or  from  the  error  of  ignored  variables,  and 
whether  these  difference  were  significant  at  a  given  confidence 
level.  An  experiment  begins  with  defining  the  problem.  The 
response  variables  are  stability,  density  and  void  ratio.  The 
qualitative  independent  variables  are  the  percentage  of  asphalt 
and  the  number  of  blows;  while  the  qualitative  independent 
variables  are  modified  and  unmodified  asphalt,  and  split  and 
controlled  aggregates.  Different  combinations  of  variables  were 
designed  and  the  results  were  analyzed.  The  SAS  computer  progi am 
was  used  to  analyze  the  results. 

The  analysis  of  variance  (ANOVA)  was  carried  out  by  using 
the  SAS  computer  package.  It  was  necessary  to  determine  whether 
there  was  statistical  difference  between  the  two  independent 
variables  and  dependent  variables.  This  was  determined  by  using 
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Figure  14.  nnmparison  of  Stability  with  Modi f ied _,and_ 
IJn  modified  Con  geo 
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F  i  g  ure  15.  Cornparisjan — Q. 
U n m o d  i  F  i  ed _ Conoco ... 
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Void  Ratio 
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Figure  18,  Comparison  of  Voi d  Ratio with  M o d i f i e d  and 
Unmodified  Conoco 
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the  F-test  which  considers  variance.  Table  F-values  were  obtained 
from  statistics  texts  and  dependent  on  sample  size  and  confidence 
level.  A  95  percent  confidence  level  is  used  for  comparison  of 
data  sets.  Calculated  and  F-table  values  were  compared.  If  the 
calculated  value  is  greater  than  the  value  from  the  F-table,  the 
variances  are  significantly  different.  If  F  calculated  is  less 
than  the  F-table,  it  cannot  be  proved  that  the  variances  are 
significantly  different.  In  cases  where  variances  were 
significantly  different,  Newman  -  Keuls  tests  were  carried  out 
using  SAS  to  see  which  variable  caused  the  difference. 

Case  A:  Controlled  Aggregate  with  Polybilt,  Kraton-6.  Modified  and 

Unmodified  Cenex. 

The  dependent  variables  stability  and  density  parameters 
values  were  considered.  The  independent  variables  for  both 
experiments  were  three  levels  of  asphalt  types  (Polybilt,  Kraton- 
6  modified  and  unmodified  Cenex)  and  five  levels  of  asphalt 
content  (5%,  5.5%,  6%,  6.5%,  and  7%).  Thus,  it  is  a  3*5  factorial 

experiment . 


5 

5.5  6 

6.5  7  (A) 

Cenex 

Polybilt 

Modified 

Kraton-6 

Modified 

ipj^02~0  three  replications  of  observations  at  each  asphalt 
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content  and  asphalt  type  totaling  45  observations.  The 
observations  are  totally  randomized.  If  A  and  B  are  treated  as 
independent  factors  then  the  mathematical  model  will  be 
^ijk  =  U  +  A,  +  Bj  4-  ABij  +  Ek(ij) 

Where  Yijk  =  Response  variable  stability  or  density 

U  =  Mean  Stability  or  Density  common  effect  on 
all  observation 

Ai  =  Effect  due  to  %  Asphalt  content 
Bj  =  Effect  due  to  asphalt  type  used  in 
controlled  aggregate 
ABjj  =  Effect  due  to  interaction 

Ek(ij)  =  Random  error  present  in  each  of  treatment 


Hypothesis : 

The  null  hypothesis  for  the  stability  test  is  that  the 
treatment  effect  is  zero,  that  is,  there  is  no  difference  in 
stability  when  using  different  types  of  asphalt  or  different 
percentage  of  asphalt  in  the  controlled  aggregate  mixture.  The 
equations  for  the  null  hypothesis  are  H°:  A1  =  0,  H°:  BJ  =  0,  and 
H°:  AB1J  =  0,  as  both  main  effects  are  fixed. 

Analysis  of  the  results: 

It  was  observed  from  the  result  in  Appendix  D  that  the 
effect  of  the  asphalt  content  did  not  have  a  significant 
difference  in  stability  and  density  in  the  three  types  of  asphalt 
considered  at  the  confidence  level  of  95  (Alpha  =  .05),  except 
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for  the  density  of  Cenex  at  7%;  it  was  different  from  the  other 
percentage  of  asphalt  content.  The  stability  of  Kraton-6  modified 
Cenex  is  different  from  both  Polybilt  modified  Cenex  and 
unmodified  Cenex.  These  results  were  based  on  the  mean  of  total  9 
values  (3*3)  for  three  replications  and  three  different  types  of 
asphalt  and  15  values  (3*5)  for  three  replications  and  5 
different  percentages  of  asphalt  content.  As  we  are  interested  in 
the  effect  of  a  specific  modifier  at  particular  asphalt  content, 
this  result  was  not  conclusive  for  our  use. 

One-way  ANOVA  analysis  of  type  as  discussed  in  case  B  and  C 
was  used  in  this  case  also.  The  result  is  presented  in  Appendix 
D.  It  is  observed  from  the  result  that  the  effect  of  the  asphalt 
content  were  not  significantly  different  in  stability  and  density 
values  in  three  types  of  asphalt  considered  at  the  confidence 
level  of  95  (Alpha  =  .05),  except  for  the  density  of  the  Polybilt 
modified  Cenex  at  5%  (2.358)  which  is  significantly  different 
from  those  at  6%  (2.392)  and  6.5%  (2.383)  with  the  difference 
being  0.034  and  0.025  respectively.  Similarly,  the  type  did  not 
have  a  significant  difference  in  the  density  values  except  for  6% 
and  5%  asphalt  content  (2.383  and  2.354).  The  type  did  not  have  a 
significant  difference  in  the  stability  values  except  for  7-o  and 
the  rest  of  asphalt  content  (1904.6  versus  2230  to  2390). 

Case  B.  Independent  variables:  Aggregate  type — (Split  and 

Controlled)  ,  asphalt  content,  and  asphalt  type.. 

Three  separate  SAS  programs  were  run  for  each  three 
different  asphalt  types,  unmodified  Cenex,  Polybilt  and  Kraton-6 
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modified  Cenex.  The  dependent  variables  were  stability  and 
density.  One-way  ANOVA  was  used  for  each  dependent  variables.  It 
has  one  level  of  treatment.  The  independent  variables  are 
aggregate  types,  split  controlled  and  three  asphalt  types 
(unmodified,  Polybilt  and  Kraton-6  Modified  Cenex)  with  three 
replicate  observations  at  each  of  independent  variables,  asphalt 
content.  The  observations  were  obtained  at  two  different  blocks. 
The  controlled  aggregate  block  was  completely  randomized  whereas 
the  split  aggregate  block  was  not  randomized.  Since  this  was 
blocked  on  split  aggregate,  that  is,  the  observations  were  not 
randomized,  there  was  no  physical  interaction.  The  mathematical 
model  for  each  asphalt  content  is: 

^ij  =  U  +  Ai  +  E(ij} 

Where  Yijk  =  Response  variable  stability  or  density  from 

observation  i  and  aggregate  j 

Ai  =  Effect  due  to  aggregate  type  (split  or  controlled) 

U  =  Mean  stability  or  density  for  all  types  and  content  of 
asphalt 

E(ij)  =  Random  error  present  in  the  ith  observation  on  the 
jth  treatment. 

The  SAS  result  is  presented  in  Appendix  D.  The  result  for 
Cenex  shows  that  both  density  and  stability  were  significantly 
different  between  controlled  aggregate  and  split  aggregate; 
except  for  the  stability  at  5.5%,  6%  and  7%  asphalt  content, 
there  differences  were  399.6  (2330.3-1930.7),  9.7  (2036.7-2027), 
and  245(2202-1957)  respectively.  For  density  the  difference  at 
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6.5%  was  0.023  (2.369-2.346). 

Note  that  significant  differences  were  observed  where  the 
difference  of  stability  values  was  greater  than  400  and  the 
difference  of  density  was  greater  than  .024  at  confidence  level 
of  95%.  Similarly,  for  Kraton-6  modified  Cenex,  the  result  shows 
that  both  density  and  stability,  between  the  controlled  and  split 
aggregate,  are  significantly  different,  except  for  the  stability 
at  5%,  5.5%,  6%,  and  6.5%  asphalt  content,  their  differences  were 
1.3(2306-2304.7),  141(2316.7-2175.7),  16.4(2274-2258.3),  and 

110(2326.7-2216.7)  respectively.  For  the  Polybilt  modified  Cenex, 
the  result  shows  that  both  density  and  stability  are 
significantly  different  between  the  split  and  controlled 
aggregate  except  for  stability  at  5%,  6.5%,  and  7%  asphalt 
content,  their  differences  were  410.3,  336,  and  203.7 
respectively.  And  for  the  density  at  7%  difference  was  .025. 
Critical  range  for  Polybilt  modified  Cenex  was  high. 

Case  C.  Independent  variable:  blows  (50  and  75), — asphalt  content 

and  asphalt  type. 

One-way  ANOVA  was  used.  The  experiment  has  one  level  of 
treatment,  blow.  Two  type  of  asphalt  Cenex  and  Conoco  at  five 
different  level  of  asphalt  content  were  dealt  separately. 
Independent  variables  were  stability  and  density.  Three  replicate 
samples  were  obtained  at  each  asphalt  content  for  eacn  asphalt 
type.  The  observations  were  obtained  at  two  different  blocks  each 
for  a  type  of  asphalt  with  five  different  asphalt  contents.  The 
observations  were  not  randomized.  The  mathematical  model  at  each 


76 


asphalt  type  and  content  is 
Yio  =  U  +  A£  +  E(iJ) 

Where  Yijk  =  Response  variable  stability  or  density  from 

observation  i  and  blow  j 

Aj.  =  Effect  due  to  blow  (50  or  75) 

U  =  Mean  stability  or  density  for  all  type  and  content  of 
asphalt 

Eaj)  =  Random  error  present  in  the  ith  observation  on  the 
jth  treatment. 

The  SAS  results  are  presented  in  Appendix  E.  The  result 
for  Cenex  shows  that  both  density  and  stability,  between 
compaction  effort  of  blows,  were  significantly  different,  except 
for  density  at  5.5-6,  and  6%,  their  differences  between  mean  is 
.018,  and  .041  respectively;  and  for  stability  at  6%,  and  6.5% 
asphalt  content  there  differences  between  mean  were  623,  and  290 
respectively.  The  difference  between  mean  of  density  and 
stability  at  6%  are  high  at  .041  and  623  respectively,  still  they 
are  not  significantly  different  since  the  critical  ranges  were 
0.0418  and  949  respectively. 

Similarly,  the  result  for  Conoco  shows  that  both  density  and 
stability  are  significantly  different  between  compaction  effort 
of  blows  except  for  stability  at  6.0%,  and  6.5%,  their 
differences  between  mean  are  287.7,  and  535.4  respectively.  The 
difference  between  mean  of  stability  at  6.5%  is  high  still  it  is 
not  significantly  high  enough  to  be  significantly  different, 
since  the  critical  range  is  705. 
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Conclusion 


By  observing  the  asphalt  test  results  of  1988  and  1989 
asphalt,  it  is  concluded  that  the  physical  test  parameter  values 
of  an  asphalt  from  a  single  source  do  not  change  significantly. 
This  is  true  for  the  modified  asphalts  with  equal  amounts  of  the 
modifier.  However,  the  test  parameter  values  are  changed  by  the 
amount  of  modifier  used,  as  seen  in  case  of  Kraton  4141G. 

The  test  parameter  values  related  to  the  permanent 
deformation  characteristics  of  the  asphalt-aggregate  mixture, 
containing  modified  asphalt,  improved,  compared  to  that  of 
unmodified,  asphalt  to  different  degrees. 

The  mix  preparation  for  the  modified  asphalt  was  carried  out 
in  the  same  way  as  that  of  unmodified  asphalt.  The  same 
temperature  range  for  the  aggregate  and  asphalt  were  used.  It  is 
observed  from  the  repetition  of  the  test  that  temperature  of  the 
mix  and  compaction  is  an  important  factor.  The  temperature  of  the 
modified  asphalt  must  be  maintained  at  or  above  275°F  for  smooth 
flow  of  asphalt.  The  learning  curve  of  the  operator  is 
demonstrated  from  the  deviation  of  the  results.  Any  new  operator 
should  be  given  a  break-in  period  before  he  is  fully  made 
responsible.  It  has  been  proved  that  Marshall  results  depend  on 
the  equipment  and  operator. 
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Aggregate  gradation  is  another  important  factor.  The  minus 
#200  size  fines  could  cause  differences  in  optimum  asphalt 
content,  void  ratio,  density,  and  stability  and  flow  parameters 
of  Marshall  mix  design.  The  modified  asphalt  reflects  the  same 
kind  of  responses  to  gradation  of  aggregate  as  unmodified 
asphalt.  While,  split  aggregate  may  represent  the  field 
condition,  it  may  be  erroneous  to  determine  the  Marshall  mix 
design  values  based  on  it.  For  uniformity  and  repeatability,  all 
Marshall  mix  design  must  be  based  on  the  controlled  aggregate. 
The  specification  based  on  the  controlled  aggregate  is  the  one 
that  should  be  strived  for  in  the  field,  also.  In  case  the  field 
application  does  not  meet  the  specification,  the  parameter  value 
of  void  ratio  suffers  the  most.  The  laboratory  controlled 
aggregate  mix,  both  modified  and  unmodified,  became  rich  with 
asphalt  at  6.0%  to  6.5%;  while  the  split  aggregate  did  not  look 
rich  at  6.5%  to  7.0%,  and  required  to  go  up  to  7%  asphalt  to  get 
the  void  ratio  of  4%  and  below.  In  most  cases  VMA  increased  with 
asphalt  content. 

The  compaction  is  another  important  factor  effecting  the 
Marshall  mix  design  parameters.  Higher  compaction  of  75  blows 
compared  with  50  blows  can  cause  the  reduction  in  the  optimum 
asphalt  content  and  improve  stability,  density,  void  ratio  and 
flow.  Greater  compaction  has  similar  effect  on  the  modified 
asphalt. 

Laboratory  experience  has  indicated  that  the  mixing  of 
modified  asphalt  is  not  different  from  unmodified  asphalt,  in 


spite  of  high  viscosity.  Determination  of  optimum  binder  content 
for  modified  asphalt  is  similar  to  determining  the  binder  content 
for  any  other  asphalt. 

From  the  ANOVA  result  of  experimental  design,  stability  and 
density  values  within  5  different  percentage  of  asphalt  contents 
are  significantly  different  except  for  Polybilt  modified  Cenex 
with  controlled  aggregate.  This  means  that  it  does  not  make  a 
significant  difference  if  there  are  changes  in  asphalt  content 
say,  between  5  to  6%  in  Polybilt  modified  Cenex,  but  it  does  in 
Kraton  modified  and  unmodified  Cenex.  Again,  if  the  mean  values 
of  all  five  asphalt  contents  are  to  be  totaled  and  compared, 
Kraton  modified  asphalt  is  significantly  different  from  the  other 
two  at  95%  confidence  level.  There  is  a  significant  difference  of 
density  of  modified  and  unmodified  Cenex  at  95  confidence  level 
between  controlled  aggregate  and  split  aggregate  but  not  in 
stability.  Similarly,  there  are  significant  differences  of 
stability  and  density  caused  by  compaction  of  75  and  50  blows  in 
Cenex  and  Conoco,  except  at  6.0%  and  6.5-s  asphalt  content. 

We  have  used  Georgia  criteria  of  the  range  of  +-400  for 
stability  and  +-.024  for  density  to  be  significantly  different, 
and,  thus,  need  to  review  the  procedure  or  equipment  or  both,  if 
a  laboratory  average  exceeds  the  ranges,  when  compared  with 
overall  average.  This  is  proved  to  be  generally  true  for  three 
number  of  replication  of  observations  at  significant  level  of  95. 

The  Marshall  stability  and  flow  values  at  optimum  percent 
asphalt  content  of  the  4.3%  and  6%  Kraton  and  Polybilt  modified 


80 


Cenex  are  improved,  but  not  significantly.  The  impact  of  Kraton 
rubber  and  Polybilt  addition,  as  determined  by  Marshall  stability 
and  flow  values,  is  negligible  considering  the  variations 
normally  observed  with  this  test.  Marshall  parameter  values  of 
modified  Conoco  improved  to  a  greater  degree.  Unit  weight  of 
modified  asphalt  is  generally  lowered  by  modification  of  asphalt. 
Void  ratio  is  not  the  function  of  modified  asphalt,  but  the  void 
ratio  has  strong  correlation  with  minus  #2  00  and  compaction 
effort.  The  higher  Marshall  stability  and  density  are  important 
for  the  control  of  rutting  characteristics  of  the  asphalt 
mixture,  if  it  is  obtained  without  a  raise  in  Marshall  flow.  In 
the  modified  Conoco  stability  is  improved  but  other  values, 
unfavorable  to  rutting  such  as  Marshall  flow  are  also  increased, 
while  unit  weight  and  percent  air  voids  decreased.  Based  on  just 
Marshall  mix  design  values,  it  is  hard  to  conclude  whether  all 
modifiers  will  improve  the  rutting  characteristics  in  all 
asphalts . 

The  results  of  the  extensive  amount  of  Marshall  testing, 
under  varying  degree  of  laboratory  control,  do  indicate  that  the 
method  is  applicable  to  the  design  of  asphalt-aggregate  mixtures 
modified  with  rubber  copolymers.  Insight  into  rutting  may  also  be 
gained  when  the  information  of  this  report  is  coupled  with  the 
UC,  Berkeley  creep  and  repeated  load  tests.  Too,  the  procedures 
developed  in  this  phase  of  the  research  will  be  valuable  during 
the  succeeding  phases,  in  which  mineral  fillers  and  large  rock 
mixes  will  be  investigated. 
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Appendix  A.  Raw  Test  Results  of  Marshall  Methods 


Appendix  A.  Marshal]  Test  Data.  *  S  for  Split  Aggregates. 
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50 

S 

Second 

50 

s 

Second 

50 

s 

Second 

50 

s 

Second 

50 

s 

Second 

50 

s 

Second 

50 

o 

Second 

50 

s 

Second 

50 

o 

Second 

50 

s 

Second 

50 

o 

Second 

50 

O 

Second 

r-  rs 

ou 

Second 

50 

s 

Second 

Asphad t 

Type 

Kr ( 6 ) -Ce 
Kr  ( 6 ) -Ce 
Kr (6)-Ce 
Kr (6) -Ce 
Kr (6)-Ce 
Kr (6)-Ce 
Kr (6)-Ce 
Kr (6)-Ce 
Kr (6 ) -Ce 
Kr (6)-Ce 
Kr (6)-Ce 
Kr  (6)-Ce 
Kr(6)-Ce 
Kr (6)-Ce 
Kr (6)-Ce 
Conoco 
Conoco 
Conoco 
Conoco 
Conoco 
Conoco 
Conoco 
Conoco 
Conoco 
Conoco 
Conoco 
Conoco 
Conoco 
Conoco 
Conoco 
Pol  y-Co 
Poly-Co 
Pol y-Co 
Poly-Co 
Po.l  y-Co 
Polv-Co 
Pol y-Co 
Poly-Co 
Pol y-Co 
Poly-Co 
Poly-Co 
Poly-Co 
Pol y-Co 
Poly-Co 
Pol y-Co 
Kr  ( 4 . 3 ) — Co 
Kr (4 . 3} -Co 
Kr (4 . 3) -Co 


Content 

Number 

5 

.1 

5 

5 

3 

5.5 

1 

5 . 5 

3 

5.5 

3 

6 

1 

6 

3 

6 

3 

6.5 

1 

6.5 

3 

6.5 

3 

7 

1 

7 

2 

7 

3 

5 

1 

5 

2 

5 

3 

5.5 

1 

5.5 

2 

5.5 

3 

6 

1 

6 

2 

6 

3 

6 . 5 

.1 

6.5 

2 

6 . 5 

3 

7 

1 

7 

2 

ry 

/ 

3 

5 

.1 

5 

o 

A 

5 

n 

^  J 

5.5 

1 

5.5 

A 

5.5 

3 

6 

1 

6 

A 

6 

6 . 5 

1 

6 . 5 

A 

6,5 

-> 

-> 

r-f 

/ 

1 

7 

o 

7 

n 

5 

j. 

5 

o 

"5 

.1 

S  tab  j 1  j ty  Uni t 

Weight 


1500 

2.263 

1690 

2.279 

1775 

2.296 

1944 

2.285 

21  36 

2.31  0 

1800 

2.311 

2288 

2.330 

2752 

2.332 

2508 

2.337 

2782 

2.342 

1  975 

2.334 

2807 

2.342 

2480 

2 . 355 

1848 

2.326 

2562 

2.323 

1846 

2.295 

2550 

2.344 

2200 

2.326 

2496 

2.354 

2834 

2.373 

2700 

2.378 

2650 

2.370 

23.1  4 

2.349 

2730 

2.373 

21  8  0 

2.377 

2375 

2.373 

2704 

2.373 

1400 

2.359 

1  9  50 

2.34  6 

2236 

2.362 

2832 

2 . 287 

3024 

2.320 

31  50 

2,304 

3100 

2.298 

2850 

2.321 

3297 

2.340 

3250 

2.377 

2964 

2.333 

3225 

2.351 

2589 

2.341 

2376 

2.237 

2975 

2.321 

2028 

2 . 318 

2575 

2.344 

2375 

2 . 34  9 

1690 

2 . 287 

n  r 

^  r\ 

/  O/ 

a  .  y.'i  0 

317  5 

2.347 

*  ‘5  Por  Split  Aggreegat.es 
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R]  ow 

4r 

Aggrega  te 

Gradation 

Asphaf] 

Type 

t 

\ 

Asphal t 

Content 

Samp] e 

Number 

Stabi] n  tv 

Un  5  t. 
Weight 

50 

S 

Second 

Kr  (4. 

3)  -Co 

5.5 

] 

3079 

2.386 

50 

S 

Second 

Kr  (4  . 

3)  -Co 

5.5 

2 

3224 

2.380 

50 

S 

Second 

Kr  (4. 

3)  -Co 

5.5 

3 

2700 

2.356 

50 

s 

Second 

Kr  (4. 

3)  -Co 

6 

1 

2574 

2.364 

50 

s 

Second 

Kr  (4. 

3)  -Co 

6 

2 

2664 

2.363 

50 

s 

Second 

Kr  (4  . 

3)  -Co 

6 

3 

3075 

2.380 

50 

s 

Second 

Kr  (4. 

3)  -Co 

6.5 

] 

1992 

2.337 

50 

s 

Second 

Kr  (4. 

3)  -Co 

6.5 

2 

1968 

2.343 

50 

s 

Second 

Kr  {4. 

3 )  -Co 

6.5 

3 

2098 

2.303 

50 

s 

Second 

Kr  (4. 

3 )  -Co 

7 

1 

2075 

2.350 

50 

s 

Second 

Kr  (4. 

3)  -Co 

7 

2 

21  06 

2.353 

50 

s 

Second 

Kr  (4. 

3)  -Co 

7 

3 

2300 

2.345 

50 

s 

Second 

Kr  (6) 

-Co 

5 

1 

960 

2.237 

50 

s 

Second 

Kr  (6) 

-Co 

5 

o 

A 

1440 

2.260 

50 

s 

Second 

Kr  (6) 

-Co 

5 

3 

1392 

2.256 

50 

s 

Second 

Kr  (6) 

-Co 

5.5 

1 

1875 

2.318 

50 

s 

Second 

Kr  (6) 

-Co 

5.5 

2 

1625 

2.278 

50 

s 

Second 

Kr  (6) 

-Co 

5.5 

3 

1728 

2.291 

50 

s 

Second 

Kr  (6) 

-Co 

6 

1 

2125 

2.303 

50 

s 

Second 

Kr  (6) 

-Co 

6 

2 

1825 

2.313 

50 

s 

Second 

Kr  (6) 

-Co 

6 

3 

1  900 

2.311 

50 

s 

Second 

Kr  (6) 

-Co 

6.5 

1 

2522 

2.335 

50 

s 

Second 

Kr  (6) 

-Co 

6.5 

2 

2225 

2.341 

50 

s 

Second 

Kr  (6) 

-Co 

6.5 

3 

2350 

2.344 

50 

s 

Second 

Kr  (6) 

-Co 

7 

1 

2496 

2.352 

50 

s 

Second 

Kr  (6) 

-Co 

7 

2 

2488 

2.349 

50 

s 

Second 

Kr  ( 6 ) 

-Co 

7 

3 

2325 

2.325 

*  S  for  Split  Aggregates 
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B1  ow 


Gradah i 

* 

50 

S 

Third 

50 

S 

Third 

50 

s 

Third 

50 

s 

Third 

50 

s 

Third 

50 

s 

Third 

50 

s 

Third 

50 

s 

Third 

50  S 
50  S 
50  S 
50  S 
50  S 
50  s 
50  S 
50  s 

50  S 
50  S 


50 
50 
50 
50 
50  s 
50  S 
50  S 
50  S 
50  S 
50  S 
50  s 
50  S 
50  S 
50  S 
50  S 
50  S 
50  s 
50  s 
50  S 
50  S 
50  s 
50  S 
50  S 
50  s 
50  s 
50  S 


50 


s 


50  s 
50  S 
50  S 


Third 
Third 
Third 
Third 
Third 
Third 
Third 
Third 
Third 
Third 
Third 
Third 
Thi  rd 
Third 
Third 
Third 
Third 
Third 
Third 
Third 
Thi  rd 
Third 
Thi  rd 
Third 
Third 
Third 
Thi  rd 
Third 
Th  i  rd 
Third 
Thi  rd 
Third 
Thi  rd 
Third 
Thi  rd 
Third 
Thi  rd 
Third 
Third 
Thi  rd 


L  Asphai t 

Cenex 

Cenex 

Cenex 

Cenex 

Cenex 

Cenex 

Cenex 

Cenex 

Cenex 

Cenex 

Cenex 

Cenex 

Cenex 

Cenex 

Cenex 

Poly-Ce 

Poly-Ce 

Poly-Ce 

Poly-Ce 

Poly-Ce 

Poiy-Ce 

Poly-Ce 

Poly-Ce 

Poly-Ce 

Poly-Ce 

Poly-Ce 

Poly-Ce 

Poly-Ce 


Asphal  t  Samnl  e 
Hsmtent  Number 


S  t  a  b  i  1  j  t~,  y 


Uni  t 
Weight. 


5 

5 

5 

5.5 

5.5 

5.5 

6 
6 
6 

6.5 
6.5 
6.5 
7 

7 

7 

5 

5 

5 

5.5 

5.5 

5.5 

6 
6 
6 

6 . 5 
6.5 
6.5 
7 


1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
.1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
.1 
2 
3 
1 


1560 
1534 
.1  6  62 
2046 
.1  846 
1900 
2098 
1628 
1776 
2000 
2255 
1826 
2.1  60 
2262 
21  84 
1860 
1704 
1939 
1  550 
1320 
1  604 
1464 
1  352 
1368 
2126 
2255 
1  925 


3.312 

2.289 

2.290 

2.313 
2.327 
2.317 
2.311 
2.313 
2.307 
2.336 
2.348 
2.354 
2.352 
2.358 
2.356 
2.299 
2.288 
2.317 

2.287 

2.298 

2.288 

2.299 
2.287 
2.327 
2.342 
2.318 
2.320 


fen 


c 


■“P  '  1  I  Any.)  nod  t 


ro.iy-Ce 

7 

o 

xuuO 

2.344 

Poly-Ce 

7 

3 

1 

2 

3 

2448 

2.366 

Kr (4.3)-Ce 

5 

2181 

2.327 

Ur ( 4 . 3 } -Ce 

5 

21  50 

2.287 

Ur (4.3) -Ce 

5 

18  75 

2.302 

Ur (4.3) -Ce 

5 . 5 

1  950 

2.285 

Ur (4 . 3) -Ce 

5 . 5 

J. 

A 

1968 

2.317 

Ur  (4.3) -Ce 

5.5 

y 

3 

1 

2 

2236 

2.330 

Ur (4 . 3) -Ce 

6 

2280 

2.350 

Ur ( 4 . 3 ) -Ce 

6 

1752 

2 . 297 

Ur (4 . 3 ) -Ce 

6 

1875 

2.294 

Ur (4.3) -Ce 

6 . 5 

1 

241  8 

2.322 

Ur (4.3) -Ce 

6,5 

1575 

2 . 297 

Ur (4 . 3) -Ce 

6,5 

y 

1800 

2.31  8 

Ur (4.3) -Ce 

3 

18  24 

2.314 

Ur  (4.3) -Ce 

7 

j 

1  800 

Kr(4.3)-Ce 

/ 

1440 

■5  ino 

X  .  J  .5  O 

Ur ( 6 ) -Ce 

r— 

Q 

H  » 

2 1 1  2 

o  nr--* 

x  .  3  5 . 1 

Ur ( 6 ) -Cc 

r- 

o 

|. 

A 

2114 

o  a  <*■  o 

r.  .  x.  o  0 

Ur  (6) -Ce 

5 

A 

.3 

A  4  UU 

A  /!  A  A 

X  4  J  u 

O  ^  A  rr 

S'  .  r.y  J 

*  J  J.  1. 
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R]  ow 

Aggrega  te 

AsphaO  t. 

Aspba] t 

Samp] e 

Stabi ] i tv 

Un  i  t 

Gradation 

* 

Content 

Number 

Weight 

50 

S 

Tbi  rd 

Kr (6) -Ce 

5.5 

n 

POOP 

P.30.1 

50 

s 

Third 

Kr (6) -Ce 

5.5 

p 

PP00 

P.307 

50 

s 

Thi  rd 

Kr (6) -Ce 

5.5 

3 

P3P5 

P.P94 

50 

s 

Third 

Kr (6) -Ce 

6 

1 

P544 

2.315 

50 

s 

Tbi  rd 

Kr (6) -Ce 

6 

P 

P400 

P.3P3 

50 

s 

Third 

Kr (6) -Ce 

6 

3 

1880 

2.3P3 

50 

s 

Third 

Kr ( 6 ) -Ce 

6.5 

1 

P35P 

P.330 

50 

s 

Third 

Kr (6) -Ce 

6.5 

P 

P054 

2.3P9 

50 

s 

Third 

Kr (6) -Ce 

6.5 

3 

P574 

P.3P9 

50 

s 

Third 

Kr (6) -Ce 

7 

1 

P44  8 

2.338 

50 

s 

Third 

Kr (6) -Ce 

7 

P 

PP  89 

2.341 

50 

s 

Third 

Kr (6) -Ce 

7 

3 

P398 

2.352 

50 

s 

Tb.i  rd 

Conoco 

5 

] 

]  8P4 

2.303 

50 

s 

Third 

Conoco 

5 

P 

1725 

2.277 

50 

s 

Th  i  rd 

Conoco 

5 

3 

1 35P 

2.310 

50 

s 

Third 

Conoco 

5.5 

1 

1600 

P.3P3 

50 

s 

Third 

Conoco 

5.5 

P 

]  575 

P.3P3 

50 

s 

Third 

Conoco 

5.5 

3 

1776 

2. 342 

50 

s 

Tbi  rd 

Conoco 

6 

] 

18P6 

P.367 

50 

s 

Third 

Conoco 

6 

P 

P046 

P.345 

50 

s 

Thi  rd 

Conoco 

6 

3 

1744 

2.31  9 

50 

s 

Third 

Conoco 

6.5 

1 

1083 

P.340 

50 

s 

Third 

Conoco 

6.5 

P 

.1 3  P  5 

P.356 

50 

s 

Third 

Conoco 

6.5 

3 

1664 

2.349 

50 

s 

Tbi  rd 

Conoco 

7 

1 

]  77  6 

P.375 

50 

s 

Third 

Conoco 

7 

P 

1675 

2.364 

50 

s 

Third 

Conoco 

7 

3 

]  440 

P.351 

50 

s 

Third 

Poly-Co 

5 

1 

P000 

2.273 

50 

s 

Tb.i  rd 

Pol y-Co 

5 

P 

P16P 

P.P77 

50 

s 

Third 

Poly-Co 

5 

3 

2093 

2.273 

50 

s 

Th  i  rd 

Po.l  y-Co 

5.5 

] 

]  800 

P.P97 

50 

s 

Third 

Poly-Co 

5.5 

P 

PP00 

2.313 

50 

s 

Tbi  rd 

Po] y-Co 

5.5 

3 

PI  00 

P.307 

50 

s 

Third 

Poly-Co 

6 

1 

P 1 3  9 

2.315 

50 

s 

Tbi  rd 

Po] y-Co 

6 

P 

]  898 

2.308 

50 

s 

Third 

Poly-Co 

6 

3 

P 1 5  8 

2.303 

50 

s 

Tbi  rd 

Po] y-Co 

6.5 

] 

p]  P5 

P.300 

50 

s 

Third 

Poly-Co 

6 . 5 

P 

1950 

2.299 

50 

s 

Tbi  rd 

Po] y-Co 

6.5 

3 

P093 

P.P98 

50 

s 

Third 

Poly-Co 

7 

1 

2175 

2.335 

50 

s 

Tb.i  rd 

Po] y-Co 

*~7 

/ 

O 

r* 

P]  50 

P.34P 

50 

s 

Thi  rd 

Poly-Co 

/ 

** 

.> 

rv  a  a  r 

u  X,  o 

a  a 

Z  .  ^ 

50 

s 

Tbi  rd 

Kr ( 4 . 3 ) -Co 

5 

1 

]  63P 

O  a*  *-r  r> 

A  *  i  o 

50 

s 

Third 

Kr ( 4 . 3 ) -Co 

5 

A 

P 

1950 

P  .  P  9  5 

50 

Tb.i  rd 

Kr (4  . 3) -Co 

5 

]  47  5 

P.308 

50 

s 

Th ;  rd 

Kr  (  4  . o  i  -i,o 

5 . 5 

1 

1800 

x,  .  .3  X  o 

50 

Tbi  rd 

f  *  a  > 

J\  •  v  ¥  ..  -l  > 

*—  r* 

:>  .  o 

An 

1  950 

A  A>  O  A 

P  .  P  O  .1 

50 

c 

o 

Third 

Kr (4.3) -Co 

r-  r* 

5 . 5 

3 

1680 

P  .  286 

*  S  for  Sp] .!  t.  Aggrega  l  es 
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Ri  ow 

Aggreaate 

Gradation 

* 

Asphad  t 

Type 

50  S 

Thi  rd 

Kr  ( 4  . 3 ) -Co 

50  S 

Third 

Kr (4. 3) -Co 

50  S 

Thi  rd 

Kr (4.3) -Co 

50  S 

Third 

K  r  (  4 . 3 )  -  C  o 

50  S 

Thi  rd 

Kr  (4 . 3) -Co 

50  S 

Third 

Kr (4.3) -Co 

50  S 

Thi  rd 

Kr  (4 . 3)  -Co 

50  S 

Third 

Kr (4. 3) -Co 

50  S 

Third 

Kr (4.3) -Co 

50  S 

Third 

Kr (6)-Co 

50  S 

Thi  rd 

Kr (6) -Co 

50  S 

Third 

Kr (6}-Co 

50  S 

Thi  rd 

Kr (6) -Co 

50  S 

Third 

Kr (6)-Co 

50  S 

Thi  rd 

Kr (6) -Co 

50  S 

Third 

Kr (6)-Co 

50  S 

Thi  rd 

Kr (6)-Co 

50  S 

Third 

Kr  (6)-Co 

50  S 

Thi  rd 

Kr ( 6 ) -Co 

50  S 

Third 

Kr (6) -Co 

50  S 

Thi  rd 

Kr { 6 ) -Co 

50  S 

Third 

Kr ( 6) -Co 

50  S 

Thi  rd 

Kr (6) -Co 

50  S 

Third 

Kr (6)-Co 

Aspha.l  t. 

Samp] e 

Stab.i  1  i  t.v 

Un  i  t. 

Content 

Number 

Weicjht 

6 

3 

.1  950 

2.358 

6 

2 

1700 

2.295 

6 

3 

.1  525 

2 . 3.1 .1 

6 . 5 

1 

2730 

2.354 

6 . 5 

2 

2725 

2.360 

6 . 5 

3 

3025 

2.363 

7 

1 

2275 

2.353 

7 

2 

2352 

2.341 

7 

3 

.1628 

2.312 

5 

1 

2328 

2.278 

5 

2 

2496 

2.322 

5 

3 

2028 

2.317 

5 . 5 

1 

2425 

2.354 

5 . 5 

2 

2175 

2.311 

5 . 5 

3 

2883 

2.3.10 

6 

1 

2300 

2.275 

6 

2 

2666 

2.276 

6 

3 

2016 

2.234 

6 . 5 

i 

3050 

2.368 

6 . 5 

2 

2600 

2.364 

6 . 5 

3 

2375 

2.373 

7 

1 

1944 

2.369 

7 

2 

2548 

2.358 

7 

3 

2400 

2.356 

*  S  for  Split.  Aggregates 
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Blow 

Aggregate 

Aspha!  t. 

Aspha!  t. 

Samp! e 

St.ahi  1  i  tv 

Un  i  t. 

* 

Gradation 

Type 

Content 

Number 

Weight 

75 

S 

Th.ird 

Cenex 

4.5 

1 

2592 

2.327 

75 

s 

Third 

Cenex 

4.5 

2112 

2.303 

75 

s 

Thi  rd 

Cenex 

4.5 

3 

2280 

2.327 

75 

s 

Third 

Cenex 

5 

1 

2200 

2.344 

75 

s 

Th.ird 

Cenex 

5 

2 

2!  58 

2.343 

75 

s 

Third 

Cenex 

5 

3  . 

2050 

2.348 

75 

s 

Th.ird 

Cenex 

5.5 

1 

241  8 

2.364 

75 

s 

Third 

Cenex 

5.5 

2 

2375 

2.299 

75 

s 

Third 

Cenex 

5.5 

3 

2450 

2.349 

75 

s 

Third 

Cenex 

6 

1 

1896 

2.322 

75 

s 

Thi  rd 

Cenex 

6 

2 

2500 

2.371 

75 

s 

Third 

Cenex 

6 

3 

2975 

2.361 

75 

s 

Third 

Cenex 

6.5 

1 

2451 

2.378 

75 

s 

Third 

Cenex 

6.5 

2 

2400 

2.385 

75 

s 

Thi  rd 

Cenex 

6.5 

3 

21  00 

2.381 

75 

s 

Third 

Conoco 

4.5 

1 

1690 

2.314 

75 

s 

Third 

Conoco 

4.5 

2  . 

1  924 

2.296 

75 

s 

Third 

Conoco 

4.5 

3 

1550 

2.316 

75 

s 

Thi  rd 

Conoco 

5 

! 

2050 

2.350 

75 

s 

Third 

Conoco 

5 

2 

2250 

2.347 

75 

s 

Third 

Conoco 

5 

3 

2288 

2.359 

75 

s 

Third 

Conoco 

5.5 

1 

2616 

2.372 

75 

s 

Thi  rd 

Conoco 

5.5 

2 

2071 

2.388 

75 

s 

Third 

Conoco 

5 . 5 

3 

2507 

2.381 

75 

s 

Thi  rd 

Conoco 

6 

! 

1  872 

2.374 

75 

s 

Third 

Conoco 

6 

2 

2184 

2.401 

75 

s 

Thi  rd 

Conoco 

6 

3 

2423 

2.401 

75 

s 

Third 

Conoco 

6 . 5 

1 

2160 

2.392 

75 

s 

Third 

Conoco 

6.5 

2 

1  526 

2.370 

75 

s 

Third 

Conoco 

6.5 

3 

1992 

2.389 

*  S  for  Spj  :i  t.  Aggregates 
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Blow  Appreciate 

Aspbal  t. 

Gradation 

Type 

50 

Con trol 1 ed 

Cenex 

50 

Controlled 

Cenex 

50 

Con  t.rol  1  ed 

Cenex 

50 

Controlled 

Cenex 

50 

Con trol  .1  ed 

Cenex 

50 

Controlled 

Cenex 

50 

Con trol led 

Cenex 

50 

Controlled 

Cenex 

50 

Con  t.rol  1  ed 

Cenex 

50 

Controlled 

Cenex 

50 

Control! ed 

Cenex 

50 

Controlled 

Cenex 

50 

Control  1 ed 

Cenex 

50 

Controlled 

Cenex 

50 

Con  t.ro!  1  ed 

Cenex 

50 

Controlled 

Poly-Ce 

50 

Controlled 

Pol y-Ce 

50 

Controlled 

Poly-Ce 

50 

Con  t.ro!  1  ed 

Poly-Ce 

50 

Control led 

Poly-Ce 

50 

Control  led 

Pol y-Ce 

50 

Controlled 

Poly-Ce 

50 

Con  t.ro!  1  ed 

Pol y-Ce 

50 

Controlled 

Poly-Ce 

50 

Control  1 ed 

Pol y-Ce 

50 

Controlled 

Poly-Ce 

50 

Con  t.ro!  1  ed 

Pol y-Ce 

5D 

Controlled 

Poly-Ce 

50 

Control  1 ed 

Pol y-Ce 

50 

Controlled 

Poly-Ce 

50 

Control  1 ed 

Kr(6)-Ce 

50 

Controlled 

Kr (6) -Ce 

50 

Control  1 ed 

Kr (6) -Ce 

50 

Control led 

Kr ( 6 ) -Ce 

50 

Con  t.ro!  1  ed 

Kr (6) -Ce 

50 

Controlled 

Kr (6)-Ce 

50 

Control ] ed 

Kr (6)-Ce 

50 

Con  trolled 

Kr (6) -Ce 

50 

Control  1 ed 

Kr (6)-Ce 

50 

Controlled 

Kr (6 )-Ce 

50 

Control  led 

Kr (6) -Ce 

50 

Control led 

Kr (6) -Ce 

50 

Con  t.rol  1  ed 

Kr (6)-Ce 

50 

Controlled 

Kr (6) -Ce 

50 

Control  1 ed 

K.t  (6)~C< 

Samp! e 

Stab i 1 i t  v 

Uni  t 

Number 

Weiqht 

! 

1  975 

2.350 

2 

2550 

2.369 

3 

2!  50 

2.358 

1 

2025 

2.343 

2 

21  84 

2.403 

3 

2782 

2.392 

1 

2470 

2.386 

2 

2392 

2.391 

3 

24!  8 

2.407 

1 

1696 

2.376 

2 

2256 

2.339 

3 

2158 

2.391 

1 

2050 

2.383 

2 

1670 

2.381 

3 

2!  53 

2.380 

1 

2184 

2.356 

2 

1  925 

2.350 

3 

2675 

2.369 

1 

2325 

2.370 

2 

2075 

2.383 

3 

2875 

2.379 

1 

2150 

2.382 

2 

2730 

2.398 

3 

2575 

2.395 

1 

23!  4 

2.368 

2 

2625 

2.390 

3 

2375 

2.392 

1 

1872 

2.377 

2 

!  962 

2.37! 

3 

2184 

2.365 

1 

!  900 

2.337 

A 

2236 

2.334 

3 

2782 

2.365 

1 

2075 

2.339 

2 

2625 

2 . 396 

3 

2250 

2.343 

J 

2200 

2 . 356 

2100 

a  .  j  /  n 

o 

2475 

2.360 

1 

2000 

2.367 

o 

2300 

2.38  0 

3 

2350 

2 . 365 

T 

1  550 

2.35  3 

y. 

1850 

2.364 

<■> 

!  8  50 

✓  .  ♦  dOU 

Aspba  1  t. 

Content 

5 

5 

5 

5.5 

5.5 

5.5 

6 
6 
6 

6.5 

6.5 

6.5 
7 

7 

7 

5 

5 

5 

5.5 

5.5 

5.5 

D 

6 
6 

6.5 

6.5 

6.5 
7 

7 

7 

5 

5 

5 

5.5 

5.5 

5 . 5 

6 
6 
6 

6 . 5 

6.5 

6 . 5 

r». 

/ 

7 

rf 
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Appendix 


.  Test  Property  Curves  Tor  Hot— mix  Design  Data  by 
Marshall  Method 


v  1  :i. 


Flow  h  1/100  inch.  Stability  in  lbs. 


I T ii m o d i f • i e rj  (  cno x—  Stabiiit y 

Split  Aggregates  Case  1—50  Blows 


4.50%  5.00%  5.50%  6.00%  6.50%  7.00% 

Percent  Asphalt  By  Weight  of  Mix. 


Unmodified  Cenex— Flow 

Split  Aggregates  Case  1—50  Blows 


A  50%  5.00%  5.50%  6.00%  6.50%  7.00% 

Percent  Asphalt  By  Weight  of  Mix 


Recent  Air  Voids 


Unmodified  C'pnpx- Unit  Weight 

r—> 1  1  •• 

Split  ogatos  C  ase  I — of)  Blows 


Unmodified  Cenex—  Percent  Air  Voids 

Split:  Aggregates  Case  1-50  Blows 


Kraton  (4.3%)  Mori.  Cenex— Flow 

Split  Aggregates  Case  1—50  Blows 


Kraton  (4.3%)  Mod.  Cenex— Stability 

Split  Aggregates  Case  1—50  Blows 


Percent  Air  Voids. 


Krat.on(4.3%)  Mod.  Cenex—  Mir  Voids 


Split  Aggregates  Case  1—50  Bio 


ows 


Kraton(4.3%)  Mod.  Cenex— Unit  Weight 


Split  Aggregates 

^  Case  I — 50  Blows 

2.4-40 

_ 

2.4-20 

- - - - - - — 

- i* _ 

<J 

o 

2.400 

o 

—  —  —  —  —  — 

F 

UI 

2.380 

_ _ 

2.360 

-  — . 

rs1 

2.340 

_ 

~cr 

2.320 

_ _ _ _ _ 

2. 30U 

**  1 

2.280  L 

- _ _  i 

1  i 

5.00%  5.50% 

Percent  Asnhnlt 

~ - 1 - r - 1 

6.0*0%  6  ~7  nnr 

3v  Weight  of  Mix. 

Polybilt  Mod.  Cenex— Flow 

Split  Aggregates  Case  1—50  Blows 


Split  Aggregates  Case  1—50  Blows 


Percent  Air  Voids 


Polybilt  Mod.  Cenex-fJnit  Weight 

Split  Aggregates  Case  1-50  Blows 


Polybilt  Mod.  Cenex- Air  Voids 

Split  Aggregates  Case  1-50  Blows 


stability  in  lbs  Flow  in  1/100  inch. 


1 1 n mod i fied  Conoco— Fi o w 

Split  Aggregates  Case  1—50  Blows 


Un mo d i f i e d  Conoco— Stability 

Split  Aggregates  Case  1—50  Blows 


Pewit  Air  Voids. 


1  fm  modi  fieri  Conooo-Unit  Weight 

Split  Aggregates  Case  1-50  Blows 


T  n  modified  Conoco— Percent  Air  Voids 

Split  Aggregates  Case  1-50  Blows 


Flow  in  1/100  inch.  Stability  in  lb: 


•atom  (4.3%) 


Mod .  Conoco— Stabili ty 


Split  Aggregates  Case  1—50  Blows 


Kraton  (4.3%)  Mod.  Conoco— Flow 

Split  Aggregates  Case  1—50  Blows 


Percent  Air  Voids. 


Kraton  (4.3%)  Mod.  Conoco— Unit  Weight 

Split  Aggregates  Case  1—50  Blows 


Kraton  (4.3%)  Mod.  Conoco- Air  Voids 

Split  Aggregates  Case  1-50  Blows 


Row  in  1/100  inch  °  Stability  in  lbs 


Polvbilt  Mod.  Comooo— Stability 

Split  Aggregates  Case  1—50  Blows 


Polvbilt  Mod.  Conoco— Flow 

Split  Aggregates  Case  1-50  Blow's 


Polybi It.  Mod.  Conoco— Air  Voids 

Split.  Aggregates  Case  1—50  Blows 


Polybilt  Mod.  Conoco-Unit  Weight 

Split  Aggregates  Case  1—50  Blows 


Flow  in  1/100  hch.  Stabiit>  bs 


X  T  n  m  o  dif i  e  d  I'enp  x—  S' t  a  toil  i  t  y 

Split  Aggregates  Case  II — 50  Blows 


Unmodified  Cenex- F low 

Split  Aggregates  Case  II  ~>0  Blows 


Percent  Air  Voids 


'« unmodified  Cenex— Percent  Air  Voids 

Split  Aggregates  Case  11-50  Blows 


Unmodified  Cenex— Unit  Weight 

Split  Aggregates  Case  H-50  Blows 


Fra  ton  (4.3%)  Mod.  Cenex-- Flow 

Split  Aggregates  Case  11—50  Blows 


Kraton  (4.3%)  Mod.  Cenex— Stability 

Split  Aggregates  Case  11—50  Blows 


Kratom  (4.3%) 


Mod.  Cenex— Unit  Weight 

o 

Spiit  Aggregates  Case  11-50  Blows 


Kraton  (4.3%)  Mod. 


Cenex— Air  Voids 


Split  Aggregates  Case  11-50  Blows 


Flow  in  1/100  inch. 


on 


Kraioim  (6%)  Mod.  Cenex— Stability 

Split  Aggregates  Case  11-50  Blows 


Kraton  (6%)  Mod.  Cenex— Flow 

Split  Aggregates  Case  11—50  Blow? 


Percent  Air  Voids. 


Kraton  (6%)  Mod.  Cenex—Unit  Weight 

Split  Aggregates  Case  11-50  Blows 


Kraton  (6/o)  Mod.  Cenex — Air  Voids 

Split  Aggregates  Case  11-50  Blows 


Polybilt  Mod.  Ce  n  e  x—  FI  o  w 

Split  Aggregates  Case  11-50  Blows 


Polybilt  Mod.  Cenex— Stability 

Split  Aggregates  Case  11—50  Blows 


<n 


a 


Percent  Air  Void: 


Polybilt  Mod.  Cenex- Unit  Weight 

Split  Aggregates  Case  11-50  Blow's 


Polybilt  Mod.  Cenex— Percent  Air  Voids 

Split  Aggregates  Case  11-50  Blows 


♦ 

Unmodified  Conoco— Stability 

Split  Aggregates  Case  11—50  Blows 


Unmodified  Conoco— Flow 

Split  Aggregates  Case  11—50  Blows 


7.00% 


Percent  Air  Voids. 


i 

Unmodified  Conoco— Air  Voids 

Split  Aggregates  Case  11-50  Blows 


Unmodified  Conoco— Unit  Weight 

Split  Aggregates  Case  11-50  Blows 


700% 


Flow  in  1/100  inch  Stability  in  lbs. 


Kraton  (4.3%)  Mod.  Conoco— Stability 

Split  Aggregates  Case  11—50  Blows 


Kraton  (4.3%)  Mod.  Conoco— Flow 

Split  Aggregates  Case  11—50  Blows 


Unit  Weight  in  gm/c. 


in 

'o 
;> 
„  i_ 
< 


<u 

Cl 


K?  a  ton  (4.3%)  Mod.  (,’onoeo— Air  Voids 

Split  Aggregates  Case  11-50  Blows 


Kratom 


(4.3%)  Mod.  Conoco- Unit  Weight 

Split  Aggregates  Case  11-50  Blows 


Kra  iron  (6%)  Mod.  Conoco— Flow 

Split  Aggregates  Case  11—50  Blows 


Kra  ton  (6%)  Mod.  Conoco- Stability 

Split  Aggregates  Case  11—50  Blows 


>N 


_Q 

O 


GO 


Kraton  (6%)  Mod.  Conoco— Unit  Weight 

Split  Aggregates  Case  11-50  Blows 


Kraton  (6%)  Mod.  Conoco— Air  Voids 

Split  Aggregates  Case  11-50  Blows 


7.00% 


Stably  in  lbs.  Flow  in  1/100  inch. 


Polvbi.lt,  Mod.  Conoco— Flow 

Split  Aggregates  Case  11—50  Blows 


Polvbilt  Mod.  Conoco— Stability 

Sjolit  Aggregates  Case  11—50  Blows 

3400 
3200 
3000 
2300 
2600 
2400 


5.00%  5.50%  6.00%  6.50%  7.00% 

Percent  Asphalt  By  Weight  of  Mix. 


2000 


Percent  Air  Void: 


Polybilt.  Mod.  Conoco-Unit  Weight 

Split  Aggregates  Case  11-50  Blows 


60 


Polybilt  Mod.  Conoco- Air  Voids 

Split  Aggregates  Case  11-50  Blows 


lability  h  lbs.  How  in  1/100  inch. 


on 


Unmodified  Cenex— Flow 

Split  Aggregates  Case  III— 50  Bolws 


Unmodified  Cenex— Stability 

Split  Aggregates  Case  III— 50  Bolws 


Percent  Air  Voids. 


Unmodified  Cenex— Unit  Weight 

Split  Aggregates  Case  III-50  Bolws 


Unmodified  Cenex— Percent  Air  Voids. 

Split  Aggregates  Case  III-50  Bolws 


.  Flow  In  1/100  inch.  Stably  in  lbs. 


Kratom  (4.3%)  Mod.  Cemex— Stability 

Split  Aggregates  Case  III— 50  Blows 

A"  O  C5- 

24UU 

2200 

 ft* - 

2000 

1800 

1600 

i  Ann 

- - 1 - — - 1 - - — i  r~ 

5.00%  5.50%  6.00%  6.50%  7.00% 

Percent  Asphalt  By  Weight  of  Mix. 


Kratom  (4.3%)  Mod.  Cenex-Flow 

Split  Aggregates  Case  III-50  Blows 


K rat  on  (4.3%)  Mod.  Cenex— Unit  Weight 

Split  Aggregates  Case  111-50  Blows 


I 


Q_ 


Ki  at  on  (4.3%)  Mod.  Cenex— Air  Voids 

Split  Aggregates  Case  111-50  Blows 


Flow  in  1/100  inch.  Stability  in  lbs 


Krat.on  (6%)  Mod.  Cenex— Stability 

Split  Aggregates  Case  III— 50  Blows 


Kir  atom  (6%)  Mod..  Cenex— Flow 

Split  Aggregates  Case  III— 50  Blows 


Percent  Air  Voids. 


Kraton  (6/ o)  Mori.  on 0x~~Aj.it  Voids 

Split  Aggi  egates  Casa  III — 50  Blows 


Kraton  (6%)  Mod.  Cenex- Unit  Weight 

Split  Aggregates  Case  III-50  Blows 


Flow  in  1/100  inch.  Stability  in  lbs. 


Polybilt  Mod.  Cenex— Stability 

Sj^lit  Aggregates  Case  III— 50  Boiws 


Polvbilt  Mod.  Cenex— Flow 

Aggregates  Case  III— 50  Boiws 


iaoo 

16.00 

14.00 

12.00 

10.00 

8.00 


5.00% 


X  W' 


6.00% 


:0C! 


^.00% 


Percent  Asphalt  by  Weight  of  Mix. 


Percent  Air  Voids! 


Polybilt  Mod.  Cenex- Percent  Air  Voids. 

Split  Aggregates  Case  III-50  Bolws 


I  olj/bilt  Mod.  Cenex — Unit  Weight 

Split  Aggregates  Case  III-50  Bolws 


Flow  in  1/100  inch.  Stability  in  bs 


1 1 n m o d i f i e d  Con o c o “Stability 

Split:  Aggregates  Case  III— 50  Blows 


Unmodified  Conoco— Flow 

Split  Aggregates  Case  III-50  Blows 


Percent  Air  Voids. 


Unmodified  Conoco— Percent  Air  Voids 

Split  Aggregates  Case  HI-50  Blows 


Unmodified  Conoco- Unit  Weight 

Split  Aggregates  Case  III-50  Blows 


(J 

(J 


b 

Ul 


Kraton  (4.3%)  Mod.  Conoco— Stability 

Split  Aggregates  Case  III— 50  Blows 


jS 


GT 


~b 

,  iZ 

O 

o 


o 


Kraton  (4.3%)  Mod.  Conoco-Flo-w 

Split  Aggregates  Case  III-50  Blows 


Percent  Air  Voids 


K?  a  tom.  (4.3%)  Mod.  Conooo 

Split  Aggregates  Case  111-50 


“■Air  Voids 

Blows 


Kraion  (4.3%)  Mod.  Conoco-Unit  Weight 

Split  Aggregates  Case  III-50  Blows 


Kraton  (6%)  Mod.  Conoco— Flow 

Split  Aggregates  Case  III— 50  Blows 


Kraton  (6%)  Mod.  Conoco-" Stability 

Split  Aggregates  Case  III-50  Blows 


Kraton  (6%)  Mod. 

Split  Aggregate 


Conoco— Unit  Weight 

s  Case  HI-50  Blows 


Kraton  (6%)  Mod.  Conoco— Air  Voids 

Split  Aggregates  Case  HI-50  Blows 


7qo.w: 


tablity  in  lbs.  Flow  ’n  VI 00  inch. 


01 


Polybilt  Mod.  Conoco— Flow 

Split  Aggregates  Case  III— 50  Blows 


Polybilt  Mod.  Conoco- Stability 

Split  Aggregates  Case  III— 50  Blows 


Pe'cent  Air  Voids. 


Polybilt  Mod.  Conoco— Unit  Weight 

Split  Aggregates  Case  III-50  Blows 


Polybilt  Mod.  Conoco-Air  Voids 

Split  Aggregates  Case  III-50  Blows 


Unmodified  ( "einipx—  Plow 

Split  Aggregates— 75  Blows 


1 6.00 

14.00 

12.00 

10.00 

S.00 

6.00 

-  ,  i  i  i  1 

4.50%  5.00%  5.50%  6.00%  6.50% 

Percent  Asphalt  by  Weight  of  Mix. 

Unmodified  C  e  n  e  x—  S  tabi  1  i  ty 


Split  Aggregates— 75  Blows 

o-?nn 

2600 

— 

2500 

-  -  - - ^ 

2400 

- - 

2300 

- A. - -  \ 

2200 

2100 

7  , '  _ . _ T - 

2000 

L - - - p—  ■  |  i  1 

4  50%  5.00%  5.50%  6.00%  6.50% 

Percent.  Asphalt  by  Weight  of  Mix 

Percent  Air  Voids. 


a 


t 'nmodified  Ce n e x—  Unit  We igh t 

Split  Aggregates— 75  Blows 


Unmodified  Cenex— Percent.  Air  Voids. 

Split  Aggregates— 75  Blows 


Flow  in  1/100  he/,.  Stabiity  h  bs 


l  in  mo  dif i  ed  Co  n  oco-  S  t  abili  t.y 

Split  Aggregates— 75  Blows 


Unmodified  Conoco— Flow 

Split  Aggregates— 75  Blows 


Unit  Weight  in  gm/c.c. 


Unmodified  Conoco— Percent  Air  Voids. 

Split  Aggregates— 75  Blows 


Unmodified  Conoco— Unit  Weight 

Split  Aggre  gates— 75  Blows 


1  rn  modified  ( >nPx-Sta hi ii i h 3" 

Control!  ed  Aggregates 


Unmodified  Cenex— Flow 

Controlled  Aggregates 


"6 


o 

o 


.c 

6 


Unit  Weight  in  qm/c.c. 


U n modified  ( onex— Unit,  Weight, 

Controlled  Aggregates 


« 'nmodified  Cenex— Percent  Air  Voids 

Controlled  Aggregates 


Kraton( 6%)  Mod.  ( "enex-Flow 

Controlled  Aggregates 


Krato n( 6%)  Mod.  Cenex  S ta Tbi I  i ty 

Controlled  Aggregates 


percent  Asphalt  bv  Weight  of  Mix. 


Kraton(6%)  Mod.  Cenex— Unit  Weight 

Controlled  Aggregates 


*aton(6%)  Mod.  Cenex— Percent  Air  Voids 


Controlled  Aggregates 


„  v_ 

c 


Flow  in  1/100  inch  £tabiitV  in 


Polybilt  Mod.  ( 'enex— Stability 


C  o  nt  r o  lie  d  Aggre  gates 


Polybilt  Mod.  Cenex- Flow 

Controlled  Aggregates 


Percent  Air  Voids. 


Polybilt  Mod.  Cenex— Percent  Air  Voids 

Controlled  Aggregates 


Polybilt  Mod.  Cenex-Unit  Weight 

Controlled  Aggregates 


Flow  in  1/100.  o  Slabiit/  lbs 


I T 11  mo  d  if  ie  d  Con  o  c  o — S tabi I i  t  y 


Controlled  Aggregates 


U n  mo di f ie d  Conoco-™  Flo w 

Controlled  Aggregates 


20.00 
IS.  00 
16.00 
14.00 
12.00 
10  00 


Percent  Asphalt  by  Weight  of  Mix 


8.00 


5  Unmodified  Co  no  co — IP  eFcent  AiF 

Co nt  r o  lie d  Agg regates 


Voids 


<A 

.  2 

O 

> 


<C 


8 

hj 

CL 


o 

Lj 

hr 

CH 


cr 

Ij 


Unmodified  Conoco— Unit  Weight 

Controlled  Aggregates 


Flow  in  1/100  inch.  stabiitV  *'  lbs 


Kraton(6%)  Mod.  Conoco— Stability 

Controlled  Aggregates 


Kraton(6%)  Mod.  Conoco  F  low 

Controlled  Aggregates 


Percent  Air  Voids 


Kratoim(6%)  Mod.  Conoco- Percent.  Air  Void 

Co  n  trolled  Aggregates 


Kraton(6%)  Mod.  Conoco-Unit  IV 

Controlled  Aggregates 


eig 

to 


q 

o 

v- 

CJi 


tr 

ID 


tabiity  in  lbs  ^ow  'n  VI 00- 


Polybilt  Mod.  Conoco— Flow 

Controlled  Aggregates 


Polybilt  Mod.  Conoco— Stability 

Controlled  Aggregates 


Percent  Air  Voids. 


q 

o 

a* 


i.  Cl  At  •  C 'omoco— Unit  Weight 

Controlled  Aggregates 


Polybilt  Mod.  Conoco— Percent  Air  Voids 

Controlled  Aggregates 


Appendix  C.  Test  Data  Sheet 


Appendix  C.  Marshal?!  Specimen 

Aggregate,  7  5  Blows  Compaction. 


Preparation  Record  for  Split- 


Aspbal  t 

Samp! e 

Aspbal t 

Samp! e 

Percent 

Number 

Weight 

Weight 

Cenex 

I 

48.5 

1.164.5 

4% 

IT 

46.7 

1120.8 

ITT 

48.3 

1160.1 

Cenex 

T 

55.5 

1166.8 

4.5% 

II 

54.8 

1163 . 9 

ITT 

54.7 

1160.5 

Cenex 

I 

60.2 

1143.7 

5.0% 

IT 

58.8 

1116.5 

TIT 

60.0 

1139.2 

Cenex 

I 

66.6 

1143.8 

5 . 5% 

II 

65.5 

1125.6 

JIT 

66.4 

1 140 . 2 

Cenex 

I 

75.2 

1177.6 

6.0% 

II 

73.1 

1144.9 

III 

73.5 

1151.9 

Conoco 

I 

53.1 

1127.9 

4 . 5% 

II 

52 . 8 

1121.4 

TIT 

53 . 9 

1144.8 

Conoco 

I 

59.5 

1130.2 

5.0% 

IT 

62.2 

1180.9 

III 

60.3 

1146.6 

Conoco 

J 

68 . 8 

1 1  81  .  9 

5.5% 

II 

65.0 

1116 . 8 

ITT 

64.2 

1130.8 

Conoco 

I 

69 . 2 

1084 . 5 

6 . 0% 

IT 

75.4 

1178.9 

ITT 

75.9 

1.188 . 8 

Conoco 

I 

82.3 

1184,5 

X"  r»  a 

o  .  o*> 

I T 

**•  O  X- 

n  x.  .  o 

i.  J.  o  /  .  :> 

ITT 

82.0 

1179.5 

Aggregate  Aspbal t  Mix  Temp. 
Temp .  Temp .  Before 

Ponndi nq 


325 

268 

296 

325 

262 

295 

320 

259 

280 

330 

275 

295 

338 

265 

298 

328 

260 

285 

330 

260 

290 

330 

265 

290 

330 

260 

290 

340 

27  8 

300 

330 

260 

296 

325 

252 

283 

325 

255 

283 

329 

269 

290 

329 

255 

290 

3  32 

255 

287 

333 

255 

288 

325 

245 

288 

330 

255 

288 

32.6 

262 

286 

328 

275 

282 

337 

27  5 

285 

340 

260 

295 

330 

255 

280 

315 

270 

285 

31  0 

265 

280 

310 

270 

280 
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265 

280 

310 

265 

280 

30  5 

265 

27  8 
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Appendix _ C.  Marshall  ■  Specimen  Preparation  Record  for  Controlled 

Aggregate,  50  Blows  Compaction. 


Asphalt 

Sample 

Asphal t 

Sample 

Percen t 

Number 

Wen  gh t 

Wei gh t 

Cenex 

I 

60.2 

1143.4 

5.0% 

IT 

60.5 

.1 .1  4  9  .  .1 

ITT 

60.3 

1145.3 

Cenex 

J 

6  6.6 

1144.8 

5.5% 

IT 

66.5 

1142.3 

TIT 

66.7 

1145.3 

Cenex 

I 

73.0 

1144 . 3 

6.0% 

II 

73.1 

1144.8 

III 

73.2 

1146.6 

Cenex 

I 

79.7 

11 46.7 

6.5% 

II 

79.7 

1146.2 

III 

79 . 4 

1142.3 

Cenex 

I 

86.3 

1146.4 

7.0% 

II 

86.2 

1145.2 

III 

86.2 

1145.8 

Kr-Ce (6) 

I 

60.2 

1143.9 

5.0% 

II 

60.3 

1145.8 

III 

60.4 

1147.8 

Kr-Ce (6) 

I 

66 . 6 

1144.5 

5 . 5% 

IT 

66.6 

1145.1 

III 

66.7 

1146.5 

Kr-Ce  (6) 

I 

73 . 3 

1148.7 

6 . 0% 

II 

73.0 

1143.6 

III 

73.0 

1143.2 

Kr-Ce (6) 

I 

79.7 

1146.6 

6 . 5% 

IT 

79.6 

1147.1 

ITT 

79.7 

1147.1 

Kr-Ce (6) 

I 

8  6.0 

.i  Jux,  r> 

7 . 0  % 

1 7 

86.3 

i.  ten.  x 

III 

86.3 

1146.5 

Aggregate 

Asphalt 

Mix  Temp. 

Temp . 

Temp . 

Before 

Pounding 

31.0 

290 

285 

340 

270 

300 

335 

270 

298 

332 

270 

2  95 

335 

275 

290 

31  5 

255 

294 

315 

260 

295 

333 

252 

2  91 

325 

240 

287 

.326 

279 

285 

322 

265 

285 

325 

260 

295 

334 

253 

296 

331 

265 

294 

310 

260 

290 

335 

275 

300 

310 

260 

292 

330 

275 

295 

336 

294 

289 

338 

265 

297 

310 

270 

288 

330 

270 

290 

312 

262 

295 

340 

275 

303 

325 

267 

286 

31  5 

270 

295 

315 

265 

295 

3  40 

r*\  r— 

2  /  5 

2  9  5 

o  r 

n  r> 

O  J. 

r>  r- 

x,  o  b 

.  >  .♦ 

280 

28  5 
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Appendix  C.  Marshall  -Specimen  Preparation  Record  for  Controlled 

Aggregate,  50  Blows  Compaction. 


Asphalt 

Sample 

Asphalt 

Sample 

Aggregate 

Asphalt 

Mix  Temp. 

Percent 

Number 

Wei  oh t 

Wei gh t 

Temp . 

Temp . 
Pounding 

Before 

Poly-Ce 

I 

60.2 

1144.3 

310 

250 

287 

5.0% 

JT 

60.?. 

1143.8 

335 

270 

295 

III 

60.4 

1148.5 

335 

260 

295 

Poly-Ce 

J 

66.6 

1145.0 

335 

275 

295 

5 . 5% 

II 

66.5 

1148.8 

335 

265 

290 

TIT 

66.7 

1 146.8 

336 

246 

289 

Poly-Ce 

I 

73.1 

1145.0 

330 

285 

295 

6.0% 

IT 

73.0 

1143.3 

31  5 

260 

29  5 

III 

73.? 

1146.6 

325 

260 

288 

Pol y-Ce 

I 

79.6 

1145.0 

31  5 

280 

295 

6.5% 

II 

79.5 

1144.1 

322 

256 

286 

III 

79.6 

1144.5 

323 

243 

286 

Poly-Ce 

I 

86.1 

1143.9 

336 

265 

305 

7% 

77 

86.8 

1144.6 

300 

260 

293 

III 

86.4 

1147.3 

328 

270 

295 

Conoco 

I 

60.1 

1 141  .  8 

325 

255 

293 

5.0% 

II 

60.3 

1145.3 

325 

270 

258 

JIT 

60.? 

1143.7 

31  6 

249 

289 

Conoco 

I 

66.6 

1144.0 

319 

252 

284 

5.5% 

IT 

66.5 

1143.1 

325 

256 

284 

III 

66.7 

1145.6 

320 

270 

285 

Conoco 

I 

73.0 

1144.3 

325 

264 

286 

6.0% 

II 

73.0 

1143.8 

314 

260 

289 

ITT 

73,1 

1144.6 

331 

276 

295 

Conoco 

I 

79.5 

1144 . 1 

322 

270 

292 

6.5% 

JT 

79 . 5 

1143.3 

31 1 

261 

283 

7.7.7. 

79.5 

1143 . 3 

316 

281 

289 

Conoco 

7 

86.? 

1144.8 

329 

276 

298 

7.0% 

T I 

86,3 

1146 . 0 

A  u 

A  /  6 

A  A  A 

x  'o  x 

TJT 

86.0 

1143.6 

o  o 

3  A  A 

o  r  r 
/,6b 

292 
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Appendix  C.  Marshall,  ’Specimen  Preparation  Record  for  Control  led 

Aggregate,  50  Blows  Compaction. 


Asphalt 

Sample 

Asphal t 

Sample 

Percent 

Number 

Wei  gb  t. 

We.i  gb  t 

Kr-Co (6) 

I 

60 . 2 

1144.4 

5.0% 

IT 

60.1 

1 1 42 . 3 

TIT 

60.2 

1143 . 3 

Kr-Co (6) 

T 

66.5 

1 1 43 . 1 

5.5% 

II 

66.5 

1142.6 

ITT 

66.6 

1143.9 

Kr-Co  (6) 

I 

73.1 

1144.6 

6.0% 

1 1 

72.8 

1 140.8 

III 

73.1 

1144.6 

Kr-Co (6) 

T 

79.7 

11 45.9 

6.5% 

II 

79.5 

1143.7 

III 

79.5 

1143.8 

Kr-Co (6) 

I 

86.1 

1144.2 

7 . 0% 

II 

86.1 

1143.8 

III 

96.0 

1142.8 

Poly-Co 

J 

60.3 

1145.0 

5.0% 

II 

60.2 

1144.0 

ITT 

60.1 

1 1 42.3 

Poly-Co 

I 

66.7 

1145.6 

5 . 5  % 

IT 

66.5 

1 142.7 

TIT 

6  6.6 

1143 . 8 

Pol y-Co 

I 

72.9 

1 142. 8 

6 . 0% 

IT 

73 . 1 

1145.1 

I  IT 

73.1 

1145.7 

Poly-Co 

I 

79.4 

1142 . 6 

6.5% 

IT 

79.5 

1143.9 

ITT 

79.6 

1145.0 

P  o  1  y  -  C  o 

J 

86 . 0 

1 143. 2 

7.0% 

1 1 

8  6.1 

1 143 . 3 

TIT 

cn 

oc 

1146.5 

Aggregate 

Asphalt 

Mix  Temp. 

Temp . 

Temp . 

Before 

Pounding 

315 

272 

282 

31  8 

275 

290 

324 

263 

281 

31  9 

270 

276 

332 

271 

295 

320 

275 

288 

338 

276 

292 

330 

266 

290 

320 

283 

290 
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272 

289 

323 

271 

288 

31  8 

279 

282 

328 

289 

291 

320 

27  8 

286 

307 

275 

280 

333 

256 

295 

322 

250 

282 

31  2 

256 

283 

325 

259 

290 

31  9 

256 

288 

310 

275 

277 

32  9 

255 

291 

335 

280 

295 

322 

265 

291 

316 

266 

286 

31  5 

270 

277 

315 

260 

283 

31  5 

275 

2  8  5 

3  2  5 

269 

A  A 

/.nr 

,'J  .!  ."I 

265 

284 

c- 


Appendix  0.  Experimental  Design  Results 
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CRITICAL  RANGE  0.031535.1  0.03H/979  0.045301/  0.0465R06 

M  E  A  N  S  W  t  T  H  T 1 1 E  S  A  M  F.  I .  E  T  T  E  R  A  R  E  N  • )  T  S  ( '  i  M  T  E I C  A  N  I  L  Y  U  I  F  F  fc.  R  E-  N  T  . 


SNK 


GROUPING 

A 

A 

A 

A 

A 

A 

A 

A 

A 


MEAN 

N 

CUN  1  ENT 

2.37067 

3 

6  >  5 

2.36367 

3 

6 

2, 35933 

3 

5.5 

2  *  55900 

3 

7 

2 . 34533 

3 

5 

1  ■>  l  74  I  K  I  MAY  y  MAW  CM  I.  6  r  1  ??() 


SAS 

!  Y  P  E  =  N  r  (  6  )  ••(  •£' 

G 1  N  •' :  K‘ ' '  1  1  n  >•:  a  r  m  n  i)  i .  r,  p  «  n  c  e  u  i  j  E 
Cl  APP  I.  FVLI.  INFORMATION 
Cl  APS  LEVELS  VALUES 


COM  IL  L1 1 


5  6  7  r, ,  5  A , 


NUMMEk  OF  ODOLRVATrONS  IN  r<y  CROUP  15 


SAP 

-  - - —  .  TYPr>Kr</>) ~Ce -  - 

GENERAL  L. INF AR  MODELS  PROCEDURE 

jepkmdmnt- variable »  r> r Aim. it  .  .  _  . 

SOURCE  riF 

IQOEL _ _ _  4 

^RROR  10 

r.oRREcrro-niTAL  _ _  .....  i  4 


1  5  * FRIDAY  t  MARCH  16,  1  990  B 


SUM  or  SOU A RFC 
4771:59  ►  73333333 
76.1  312,  00000000 
1440471  >733:53333- 


ML AN  SOU A RE 
1497:19  *93333333 
761 3J  » 70000000 


F  VALUE 
- 2*23 


PR  >  F 
-0  ♦JU5Q5- 


i\-SQUARE 
^  ♦  4714  04 


C.  V* 
12*7179 


ROOT  MSI. 


270  >91007064 


stabji.it  hf.an 

2 1.4  9.033333  33 


b  OIJRCF  — 
r ON TENT 


DF 

4 


TYPE  J-SS 
4791:59. 73333333 


F  VALUE 
2.23 


-  PR-  > -F 
0.1385 


SOURCE 

,,nUTU'iiT. 


DF 

.4 


f  value; 

_ 2.23 


TYPE  Ill  SS 
479 U5 9. 733:53333 

SAS 

T  YPE-K  »•  <  4  )  ••  Ce 

GENERAL  LINEAR  MODELS  PROCEDURE 


PR  >  F 
0.1385 


15J74  FRIDAY ,  MARCH  16,  1990  10 


wnvP?N * ~NFWMAN-KEUl S  TEST  FOR- VARIABLE  *  STADJI  IT  — 

NOIL,  I H  (:>  I  ES  I  CONTROLS  THE  TYPE  I  EXPFRTMFN  riJTSF  KR'pnp  patc 

NULLRhM>OTMF*:SeSETF  Nni  1  H Y POTHLS .1  0  PUT  NOT  UNDER  PARTIAL 


A L  P l-l A  =  0 . 05  DF  -  .1  0  HOE'^/AI  3.1 , 2 


rflJMDHR  OF  MEANS 
CRITICAL  RANGE. 


5 

741 *46 


00.1  .  969  6 1  7  <  570  609 , 760 

MEANS  WITH  Ell;-  SAME  LETTER  ARE  MOT  S  CON  (FICAN  J  I.  Y  DIFFERENT. 
-  SNK  GROUPING  MEAN 

2314.7 
2306 , 0 
2250,3 

221 6 . 7 
1 750,0 


A 

A 

A 

A 

A 

A 

A 

A 

A 


N 

3 

3 

3 

3 

3 


CONT  I  NT 
0  ♦  5 

5 

6 

6 , 5 
7 


I  V  v  0  .1  1 


■■•as  i  ■>  { -*4  :  r 1 1 1 r» v  t  march  i  4  • 

TYPF  -Polu-Ce 

GENERAI  I .  !  M !  •:  A  K  MODELS  PROCEDURE 
Cl  ACS  I  I.-.VI  L  INKIRNAT  ION 

ci  ags  levels  values 

CONI  E  N  I  5  5  6/  f.  *  t .  6*5 


number  or  orser va r ions  in  by  droop  -  is 


S AS  •  If.  .*26  IR :•  PAY  i  MARCH  :l  6  9 

- .  T  YPL-Po  1  •/-Ce  - 

GENERAL  LINEAR  MODELS  PROCEDURF 


OiNT  VARIABLE*  5JTABIHT-  —  - - - 

DP  SUM  UK  SQUARES  MEAN  SQUARE 

I _ _  _  .  4 _ 442474*26444467  -  l L3623  *2)6664667 - 

10  91  MAO  ,66666667  91X66*  0666666V 

Ll GO  TOTAL-  -  -  14 . L 3/3954  *  93333333 - - 

|f  c.v.  root  mol:  *  *  stabil ri  mean 

15  1 2 ,  9959  sot  *90404:|£5  2323*06666667 

I . .  .  „  ..  _  DF  - . . TYPE  I  -SS —  K  VALUE - PR  >-F  -  — 

ij-  4  46249  4  >2 6 6 66667  X  *27  0*3447 

nr  type  hi  ss  r  value  pk  >  f 

-  _  _ __4 _ .  'J AAAA667 - 1^*27 — —  0  •  3.4 4 7— - . 

SAS  1.s:  24  FR  C  BAY  r  MARCH  16  f 


TYPE^Po]  vi-Ce  — 


GENERAL  LINEAR  MODELS  PROCEDURE 


STUDENT-NEWMAN-KF.OES  7  F.CT-  FOR 
NOTE:  TUTS  TEST  CONTROLS  THE 
UNDER  7  HE  COMPEL l E  NOIL 
NULL  HYPOTHESES 


variable:  stabii.it  —  -  - 

TYPE  I  EXPERIMENIWISE  ERROR  RATE 
HYPOTHESIS  Bill  NOT  UNDER  PARTIAL 


ALPIIA-0  *  OS  DI-JO  MSF  =  y  1  3  46*1 


NUMBER  OF  MEANS  2 

CRITICAL  RANGE  549.243 

M  E  A  N  S  MUM  I  H  E  :  5  A  M  E  I .  E  II  E  R 

SNK  GROUPING 

A 

A 

A 

A 

A 

A 

A 

A 

A 


3  4 

6/5.74  754*103 

5 

83 3 . 209 

Nor  SI ON  IF 

I C ANIL 

Y  DIE EE RE NT 

MEAN 

•N 

CONTENT 

24m:;.o 

3 

6 

2438*0 

3 

6.5 

2425.0 

3 

5  <  fj 

2263 . 3 

3 

5 

2006 . 0 

3 

/ 

<  . . 


3990  33 


F  VAI.UL 
1*27 
PR  >  F 
-0*3447 


1990  15 


I  I  1  ft  V  r 


MAI.  Ill  J->* 


I  990  11 


1  Y P F •-  F  ula-Ce 

GEN  I  PA  I  LINEAR  MODELS  PROCEDURE 
CLAIM;  I  LVEL  JK'MIKMA  I  KIN 

ci.  ags  i .  k:  m  : :  i .  m  values 

CON  It  NT  5  5  6  /  5,5  6.5 


NUMBER  or  ODSERVAI  (UNO  IN  BY  OR UIJP  :s  15 


sas  i 5;  76  Friday*  march  :i a »  .1990  .12 

TYPE-O'olw-Ce  .  _  .  _ _  _ 


GENERAL  LINEAR  MODELS  PROCEDURE 

•  4 

DEPENDENT-  VARIABLE  i-DENUITY _  —  - . —  --  _ _ 

!  HIKCE  HF  SUM  nr  SOUARLS  mean  snuare  f  value 

in)  DEL  - . -  -  - 4- . -  0.0019X267  - 0 *0004/8 1-7 _ 5*63- 

FKKOR  10  0*00084867  0*00008487  PR  >  F 

i  IRRECTEO  -TOT At 14 ... — - 0  ♦  00276 1 33 .....  - _ 0,0122 

P-SQUARF  C.V.  ~  -  ROUT  MCE  ‘  DENSITY  MF.AN  -  - - 


'  *692461  0 . 3077  0,00921231  2.3/633333 


nilKCF 
I  INTENT 

source ~ 

(  INTENT 


— DF 
4 


TYPE  -)  88-  F'  VAl  UF. 
0.001.91267  5.63 


PR  >  F 

0.0122 


DF 

4 


TYPF.  Ill  SS 
0,00X91267 


F  VALUE 
5.63 


PR  >  F 

0.0122 


SAS 

TYPF-PoXwCe 


15.26  FRIDAY*  MARCH  16 >  1990  J4 


GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT- • NEUMAN -KEUL5- TEST  FOR  VAR  CABLE ♦  DENSITY r  •-  -  ri/-~ 

ijnici  THIS  TEST  CON  I  KOI  S  THE  'I  YPE  I  EXPERIMENT  W.ISF_  ERROR  KAlE 

under  tiie  complete  null  hypothehis  but  mot  under  partial 

NULL  HYPOTHESES  _  _ 

ALPHA  =  0 . 05  PI'  S!1  0  M5E::0  »  5F-05 

NUMBER  UE  MEANS  2  3  _  4  ^ 

CRITICAL  RANGE  0,  0167596  0,0206.195  0. 0230131  0.0247  y7 

M  E  A  N  S  1*1  (  I  IT  I  H  !•  S  A  ME  LET  T  E  R  A  R  E  N  0  T  H I G  N  I F I C  A  N  IT  Y  0 1  f  fr  E  R  E  N  T  . 


SNK 


B 

B 

P 

B 

B 


GROUPING 

A 

A 

A 

A 

A 

A 

A 


MEAN 

2.391667 

2.383333 

2 . 377333 


N 

3 

3 

3 

3 

3 


CON  I  F.HT 
6 

6 , 5 


5,5 


2 , 37.1  000 
2.358333 


5 


vj  n  ~.i 


I  !  I- 111:',  V  •  ilAM.il  (A.  '»V«  1 

I  GLNUvAl  I  till.  M<  IH'I'ELS  mlliFIMUF. 

Cl  ASS  I  f ! V t  I  I  iimKn A  I  •  ON 
CLASS  I .  FVr M  s  VAI  UhS 

T  '  Z  3  Hit, .ox  K  p  (  A )  - C o  Police 

I  Y  r  t  __ 

CONTENT  5  5  A  V  Ml. 

kii>  unt:»  nr  ilVi<:f-'RUA  T  T  HNS  I  il  T‘A  I  A  GET  --  T  J 

3 AS  if.  L34  FRIDAY*  MARCH  J  *  >  J ,/y0  2 

I  GENERAL  l.  t  NEAR  MO DLLS  PROCEDURE 

DENT  VAR K ABLE i  DENSITY 


E - - -  - 

DF 

1.4 

..  30 

lie  FLO  TOTAL 

44 

Iare 

C.V< 

>991 

0 i6701 

J - - 

iE 

DF 

9 

SUM  («F  URUARLU 
0.00777391 
0  .007/5400 
0.015/7/71 

ROOT  MSF 
0  *  01407*90 


.MEAH— SUUAKE- 
0  » 0003*957 
>0*0002584-7 


F _ V/xLUE 

2.20 

_PK_>  F- 

0.0340 


PENS)  I  Y  MEAN 
1 2 ♦37084444'  ' 


TYF’K  1  SR  I  VALUE 


il 

CONTENT 


n 

MIN  TENT 


4 

8 

DF 

9 

Am 

4 

8 


0 .002M4538 
0  < 00400458 
0 , 00 1  121.96 

TYPE  ))1  US 

0 ♦ 00284538 
0 ♦ 00400458 
0*00  1 12196 


-5.50 

3.88 

0.54 


PR  >  F 

0*0092 
0 . 0  .1  .1  8 
0.8149 


F  VALUE 

5.50 

3.88 

0.54 


PK 


\ 


0.0092 
Ot<»h  e 
0.8149 


1  ■«"* 1?.? 


- - gA{.  i  5  *,  34  FRIUAYt  MARCH  )<>r 

GENERAL  LINEAR  MODELS  PROCEDURE 

"  m  . . ZZl,,,  ...» 

^  2  4  ^ 

NIIH8l-:«  OK  MKANS  ‘  ()  (>)  8603  A  0.0'’060//-  0. 0X1  VH'/V 

CRITICAL  RANG,.  0 . «  • ^  ‘  ii  tlTN  tf ICANTLY  OIKKERKMT. 

means  with  hit:  haul  ...milk  ak..  m  cntin. 

SNK  GROUP 3  HP 

A  2.385333 

A  n  r  ■  >  /. »,  v  *.» 

B  A 

B  £  2.372000 

B  A 

B  "  2.370444 

B  H 

B  9  ,  /.  f  4  2  7  7 

b 


1990 


N  ('UNTI  N  I 
9  6 

V  4.5 
9  5 «  5 

9  7 

9  5 


S  A  S 


HANi.ii  14,  two  i 


•Si  <6  I  K  i  HA V  * 
ULNfcRAl.  LINEAR  HI  Hi  EL  S  PROCEDURE 


CLASS  I  f- OF 

1.  INFORM  AT  (ON 

CLASS 

I..FVI-.I.S 

0 A!  Uh  S 

TYPE 

3 

C»?no;:  Kr(6)Cr?  Poly-Ce 

CONTENT 

5 

5  6  7  5,5  6.5 

NUH  DLR  OF  OBSERVATIONS  IN  HAT  A  SET 


SAS  ir.j;w.  F  K  J  DAY  r  MARCH  16,  .i  990  3 

. —  -  —  -  GENERAL  I.  (NEAR  MODELS  PROCEDURE  . .  . 

dependen r  variable*  stabilit 


-  OUNCE  . . 

DF 

-SUM  OF  SQUARES. 

MEAN  SOU  ARE  _ 

F  VALUE 

.if)  DEL 

1  4 

1 007.333 ,9111  1111 

1 2  9075 

,27936808 

1.56 

.—  ERROR _  .. 

.  30 

2476637, 33333333 

825*34 

,57777  7  7  0 

.  PR  _>_ F 

:0R RESTED  TOT  AL 

44 

42837/1,24444444 

0.1483 

^-SQUARE 

C.V, 

ROOT  MOL 

STABILIT  MEAN 

.  4  2  1.083 

12,0806 

287,32312434 

•)  ')  -•}  g 

.28888889 

"OURCF 

DF 

TYPE  J  SS  F 

VALUE 

PR  >  F 

YPE  -- 

CONTENT 

TYPE*i;ONTENT 

2 

4 

8 

-  202837.64444444 

1340001 .91111111 
264494 >38 SUSS 3 6 

1.23 

4 , 06 
0.40 

0.3070 

0,0095 

0.9114 

— - 

OURCE 

DF 

TYPE  .TJ.T  SO  F 

VALUE 

PR  >  F  ' 

TYPE 

-  "ONI  FNT  - - - - 

2 

...  A 

202837,64444444 
•  -1340001,91.1.1  111.1 
264474, 35555356 

1.23 

0.3070 

•  \ 

YPK*00NTENT 

•f 

8 

4 , 06 
0,40 

0 ♦ 0095  - 

0.9114 

* *  ■*' 

S  AS  ER  I  DAY  ,  MARCH  16  r  1990 

- GENERAL-LINEAR -MODELS  PRUCLMURE  .  _ 

S  I  *J DENT-NE  WMAM-KEUI.S  TEST  FOR  VARIABLE i  0  f  AB  Cl. IT 
NOIEJ  THIS  TEST  CONTROLS  THE  TYPE  I  EXPERT  HE  NT  NT  SI-  r  RRIili  RATE 
NU|nL:KHYPOT;l"srs':T,::  N0,'L  «^0THKSI8  BUT  NOT  UN  HER  PAR  TIAL 

.  tALPHA  =  0.05  DF  =  30  MSF."1:2554 ,  6 


NUMOKR  or  MEANS  2 

CRITICAL  RANGE  276,6.19 


4 

360,29 


5 


333.909  360,29  392, |:/5 

MEANS  H  CTII  THE  SAME  LETTER  ARE  NOI  8 (ON  IF ICAN I L Y  0 ( FEE RE NT . 


SNK 


GRIMH-* 3  NO 

A 

A 

A 

A 

A 

A 

A 

H 


MEAN 
2- 59  0,0 
2357 » 3 
2764, I 
2730,4 
1904 , 6 


N 

9 

9 

9 

9 

9 


CON  I  I  N  I 
6 


i  cr 

J 


6 . 5 
7 


Split 


Experimental  Design 
One  Way  ANOVA  Analys 
for 

S)  and  Controlled  (C) 
by 

Aspahlt  Content 


is 


Aggregate 


GENERAL  LINEAR  MODELS  PROCEDURE 
CLASS  LEVEL  INFORMATION 
CLASS  LEVELS  VALUES 

AGGREGAT  2  C  S 


NUMBER  OF  OBSERVATIONS  IN  BY  GROUP  =  6 


DEPENDENT  VARIABLE 

SOURCE 

MODEL 

ERROR 

CORRECTED  TOTAL 

R- SQUARE 
0.917276 

SOURCE 

AGGREGAT 

SOURCE 

AGGREGAT 


SAS 
CONTENT=5 

GENERAL  LINEAR  MODELS  PROCEDURE 
DENSITY 


11:55  TUESDAY,  MARCH  13, 


DF 

1 

4 

5 

C.V. 

0.4898 

DF 

1 

DF 

1 


SUM  OF  SQUARES 
0.00576600 
0.00052000 
0.00628600 

ROOT  MSE 
0.01140175 

TYPE  I  SS 
0.00576600 

TYPE  III  SS 
0 . 00576600 


MEAN  SQUARE 
0.00576600 
0.00013000 


DENSITY  MEAN 
2.32800000 


F  VALUE 
44.35 

F  VALUE 
44.35 


PR  >  F 
0.0026 

PR  >  F 
0.0026 


SAS 

CONTENT=5 


11:55  TUESDAY,  MARCH  1' 


GENERAL  LINEAR  MODELS  PROCEDURE 

NOTEEN™Tf^^KEULS  TEST  F0R  VARIABLE:  DENSITY 

'  UNDER  ME  SS  NULL^YPOraESlfB^^OT^  ^ 

NULL  HYPOTHESES  OTHES^S  BUT  NOT  UNDER  PARTIAI 

ALPHA=0 . 05  DF=4  MSE=1 . 3E-04 

NUMBER  OF  MEANS  2 

CRITICAL  RANGE  0.025862 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 

snk  grouping  mean  n  aggreqat 

A  2.359000  3  c 


1990 


F  VAI 
44. 
PR  > 
0.00 


1990 


B 


2  297000 


Indent 

flp.CE 

EL 

IOR 

Erected 

■iQUARE 

^64403 

^rce 

:j;REGAT 

llJRCE 

ifeREGAT 


I 


IAS 


55  TUESDAY,  MARCH  13,  1990  3 


CONTENT=5  ' 

GENERAL  LINEAR  MODELS  PROCEDURE 
VARIABLE:  STABILIT 


TOTAL 


DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

F  VALUE 

1 

582193.50000000 

582193 .50000000 

12.98 

4 

179438.00000000 

44859.50000000 

PR  >  F 

5 

761631.50000000 

0 . 0227 

C.V. 

ROOT  mse 

STABILIT  MEAN 

11.0688 

211.80061379 

1913.50000000 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

1 

582193.50000000 

12.98  0.0227 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

1 

582193.50000000 

12.98  0.0227 

SAS 

11:55  TUESDAY ,  MARCH 

13,  1990  5 

CONTENT=5 

GENERAL  LINEAR  MODELS  PROCEDURE 


UDENT -NEWMAN -KEULS  TSST  FOR  STMI  ERROR  RATE 

sSr’s.  sss  i  s«” *»  »»» 

NULL  HYPOTHESES 

ALPHA=0 . 05  DF=4  MSE=44859.5 


NUMBER  OF  MEANS 
CRITICAL  RANGE 


480.416 

WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 

pNK  GROUPING  «*»*  N  AGGREGAT 

A  2225.0  3  C 


B 


1602 . 0 


3  S 


GENERAL  LINEAR  MODELS  PROCEDURE 
CLASS  LEVEL  INFORMATION 
CLASS  LEVELS  VALUES 

AGGREGAT  2  C  S 


NUMBER  OF  OBSERVATIONS  IN  BY  GROUP  =  6 


DEPENDENT  VARIABLE 
SOURCE 


SAS  11:55  TUESDAY ,  MARCH  13,  1991 

CONTENT=5 . 5 

GENERAL  LINEAR  MODELS  PROCEDURE 
DENSITY 


MODEL 


ERROR 


CORRECTED  TOTAL 


DF 

1 

4 

5 


SUM  OF  SQUARES 
0.00546017 
0 . 00214467 
0 . 00760483 


mean  SQUARE 
0 . 00546017 
0 . 00053617 


F  VA 
10 
PR  : 
0.0: 


R- SQUARE 
0 . 717986 


C.V. 
0 . 9857 


ROOT  MSE 
0.02315527 


DENSITY  MEAN 
2.34916667 


SOURCE 

AGGREGAT 


DF 

1 


TYPE  I  SS 
0.00546017 


F  VALUE 
10.18 


PR  >  F 
0.0332 


SOURCE 

AGGREGAT 


DF 

1 


TYPE  III  SS  F  VALUE 
0.00546017  10.18 


PR  >  F 
0.0332 


SAS 

CONTENT=5 . 5 
GENERAL  LINEAR  MODELS  PROCEDURE 


11:55  TUESDAY,  MARCH  13,  19 


STUDENT -NEWMAN -KEULS  TF^t  roc  vmr 

note:  THIS  TEST  CONTRoff the  TY^f EX^p?^1TY 

UNDER  THE  COMPLETE  NULL  HYPOTH-c rf RIMENTWISE  ERROR  RATE 
NULL  HYPOTHESES  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 


ALPHA-0.05  DF=4  MSE=5 . 4E-04 


NUMBER  OF  MEANS  o 

CRITICAL  RANGE  0.0525219 


MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT 

SNK  GR°UP1NG  N  AGGREGAT 

A  2.37933  3  c 

B  2.31900  3  s 


SAS 


TUESDAY, 


MARCH  13,  1990  8 


r.  d 


CONTENT=5 . 5 


GENERAL  LINEAR  MODELS  PROCEDURE 
IENDENT  VARIABLE:  STABILIT 


IRCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

IEL 

1 

239600.16666667 

239600 .16666667 

J.OR 

4 

340055.33333333 

85013.83333333 

ERECTED  TOTAL 

5 

579655.50000000 

JiQUARE 

c.v. 

ROOT  MSE 

STABILIT  MEAN 

113349 

I 

13.6856 

291.57131775 

2130.50000000 

JJRCE 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

ERE  GAT 

1 

239600.16666667 

2.82  0 . 1685 

[|JRCE 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

ERE  GAT 

1 

239600 . 16666667 

2.82  0 . 1685 

SAS 


11:56  TUESDAY,  MARCH  13, 


CONTENT=5 . 5 

GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT -NEWMAN -KEULS  TEST  FOR  VARIABLE:  STABILIT 
NOTE:  THIS  TEST  CONTROLS  THE  TYPE  I  EXPERIMENTWISE  ERROR  RATE^ 
UNDER  THE  COMPLETE  NULL  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 

NULL  HYPOTHESES 


ALPHA=0 . 05  DF=4  MSE=85013.8 


NUMBER  OF  MEANS  2 

CRITICAL  RANGE  661.356 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 


SNK 

GROUPING 

MEAN 

N 

AGGREGAT 

A 

2330 . 3 

3 

C 

A 

A 

1930.7 

3 

S 

F  VALUE 
2 . 82 
PR  >  F 
0 .1685 


1990  10 


CONTENT- b 

GENERAL  LINEAR  MODELS  PROCEDURE 
CLASS  LEVEL  INFORMATION 
CLASS  LEVELS  VALUES 

AGGREGAT  2  C  S 


I* 

i 


NUMBER  OF 

OBSERVATIONS  IN 

BY  GROUP  =  6 

1 

SAS 

11:56  TUESDAY,  MARCH  13, 

1990 , 

CONTENT=6 

GENERAL 

LINEAR  MODELS  PROCEDURE 

DEPENDENT 

VARIABLE : 

DENSITY 

1 

SOURCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

I 

F  VA 

MODEL 

1 

0.01066817 

0.01066817 

164,; 

ERROR 

4 

0.00025933 

0.00006483 

PR  5; 

CORRECTED 

TOTAL 

5 

0.01092750 

o.oc 

.9 

R- SQUARE 

C.V. 

ROOT  MSE 

DENSITY  MEAN 

0.976268 

0.3423 

0.00805191 

2.35250000 

SOURCE 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

AGGREGAT 

1 

0.01066817 

164.55  0.0002 

SOURCE 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

AGGREGAT 

1 

0.01066817 

164.55  0.0002 

SAS 

11:56  TUESDAY,  MARCH  13, 

1990  : 

CONTENT=6 

GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT-NEWMAN-KEULS  TEST  FOR  VARIABLE:  DENSITY 
NOTE:  THIS  TEST  CONTROLS  THE  TYPE  I  EXPERIMENTWISE  ERROR  RATE 
UNDER  THE  COMPLETE  NULL  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 
NULL  HYPOTHESES 

ALPHA=0 . 05  DF=4  MSE=6 . 5E-05 

NUMBER  OF  MEANS  2 

CRITICAL  RANGE  0.0182637 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 
SNK  GROUPING  MEAN  N  AGGREGAT 

A  2.394667  3  C 


P 


?  31 0333 


3  S 


SAG  11:56  TUESDAY,  MARCH  lJ 

C0NTENT=6 

GENERAL  LINEAR  MODELS  PROCEDURE 


undent 

[ICE 

VARIABLE : 

STABILIT 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

ML 

1 

526880 . 66666667 

526880 . 66666667 

|)R 

4 

118650. 66666667 

29662 . 66666667 

•rected 

TOTAL 

5 

645531.33333333 

2UARE 

c.v. 

ROOT  mse 

STABILIT  MEAN 

16197 

8.0846 

172.22853035 

2130.33333333 

l]RCE 

DF 

type  I  ss 

F  VALUE  PR  >  F 

jjREGAT 

1 

526880 . 66666667 

17.76  0.0135 

‘•RCE 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

.JREGAT 

1 

526880.66666667 

17.76  0.0135 

11:56  TUESDAY ,  MARCH  13, 

C0NTENT=6 

GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT-NEWMAN-KEULS  TEST  FORt^RIMLE:eSTMILITse  ^ 

N0TE:  OTDER  THE  COMPLETE  NULL  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 
NULL  HYPOTHESES 

ALPHA=0 . 05  DF=4  MSE=29662 .7 


NUMBER  OF  MEANS 
CRITICAL  RANGE 


390.657 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT 

SNK  GROUPING  N  AGGREGM 

A  2426.7  3  C 


F  VALUE 
17.76 
PR  >  F 
0.0135 


1990  15 


B 


1834 . 0 


3  S 


^  VwV  i  .  .. 


s ✓  ' 


GENERAL  LINEAR  MODELS  PROCEDURE 
CLASS  LEVEL  INFORMATION 
CLASS  LEVELS  VALUES 

AGGREGAT  2  C  S 


NUMBER  OF  OBSERVATIONS  IN  BY  GROUP  =  6 


SAS 
CONTENT=6 . 5 

GENERAL  LINEAR  MODELS  PROCEDURE 
DEPENDENT  VARIABLE:  DENSITY 


11:56.  TUESDAY,  MARCH  13,  1990 


SOURCE 

MODEL 

ERROR 

CORRECTED  TOTAL 


DF 


SUM  OF  SQUARES 
0.00077067 
0. 00160067 
0.00237133 


MEAN  SQUARE 
0.00077067 
0 . 00040017 


F  VAI 
1. 
PR  > 
0.23 


R- SQUARE 
0 . 324993 


C.V. 

0.8486 


ROOT  MSE 
0.02000417 


DENSITY  MEAN 
2.35733333 


SOURCE 

AGGREGAT 


DF 

1 


TYPE  I  SS 
0.00077067 


F  VALUE 
1.93 


PR  >  F 
0.2375 


SOURCE 

AGGREGAT 


DF 

1 


TYPE  III  SS  F  VALUE 
0.00077067  1.93 


PR  >  F 
0.2375 


SAS  11:56  TUESDAY,  MARCH  13,  1990 

CONTENT=6 . 5 

GENERAL  LINEAR  MODELS  PROCEDURE 


STUDENT-NEWMAN-KEULS  TEST  FOR  ^ARTARttt.  nrMermw 

N0TE'  TOdIrIhE  collet!  NaLLTHYPOraESISRBOTNNOTSE  RME 

NULL  HYPOTHESES  ESIS  BUT  NOT  UNDER  PARTIAL 


ALPHA-0.05  DF=4  MSE=4 . 0E-04 


NUMBER  OF  MEANS  2 

CRITICAL  RANGE  0.0453744 


means  with  the  same  letter  are  not  significantly  different. 
SNK  GR0UPING  mean  n  aggregat 

2.36867  3  c 

2.34600  3  s 


A 

A 

A 


SAS 


11:56  TUESDAY,  MARCH 


13,  1990  16 


CONTENT=6 . 5 

GENERAL  LINEAR  MODELS  PROCEDURE 


]  INDENT 
I'RCE 

)]EL 

*OR 

RECTED 

QUARE 

00515 

:jrce 

5REGAT 


VARIABLE:  STABILI" 

DF 


TOTAL 


i|JRCE 

iGREGAT 


4 

5 

C.V. 

12.8340 

DF 

1 

DF 

1 


SUM  OF  SQUARES 
140 . 16666667 
271996 . 66666667 
272136.83333333 

ROOT  MSE 
260.76649836 


MEAN  SQUARE 
140.16666667 
67999.16666667 


STABILIT  MEAN 
2031.83333333 


TYPE  I  SS  F  VALUE 
140.16666667  0.00 

TYPE  III  SS  F  VALUE 
140.16666667  0.00 


PR  >  F 
0. 9660 

PR  >  F 
0.9660 


11:56  TUESDAY,  MARCH  13, 


SAS 
CONTENT=6 .5 

GENERAL  LINEAR  MODELS  PROCEDURE 

NULL  HYPOTHESES 

ALPHA=0 . 05  DF=4  MSE=67999 .2 


NUMBER  OF  MEANS 
CRITICAL  RANGE 


591.483 

means  with  the  same  letter  are  not  significantly  different. 

SNK  GROUPING  MEAN  N  AGGREGAT 

A  2036.7  3  C 

A  2027.0  3  S 


VALUE 
0.00 
PR  >  F 
0 . 9660 


1990  20 


GENERAL  LINEAR.  MODELS  PROCEDURE 
CLASS  LEVEL  INFORMATION 
CLASS  LEVELS  VALUES 

AGGREGAT  2  C  S 


NUMBER  OF  OBSERVATIONS  IN  BY  GROUP  =  6 


SAS  11:56  TUESDAY,  MARCH  13, 

CONTENT=7 

GENERAL  LINEAR  MODELS  PROCEDURE 
DEPENDENT  VARIABLE:  DENSITY 


SOURCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

MODEL 

1 

0.00101400 

0.00101400 

ERROR 

4 

0.00002333 

0.00000583 

CORRECTED  TOTAL 

5 

0.00103733 

R- SQUARE 

C.V. 

ROOT  MSE 

DENSITY  MEAN 

0 . 977506 

0 . 1020 

0.00241523 

2.36833333 

SOURCE 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

AGGREGAT 

1 

0 . 00101400 

173.83  0.0002 

SOURCE 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

A  CrCTCS  ^T1 

1 

0.00101400 

173.83  0.0002 

SAS 

11:56  TUESDAY,  MARCH 

CONTENT= 7 

GENERAL  LINEAR  MODELS  PROCEDURE 


fJ^DENT_NEWMAN“KEULS  TEST. FOR  VARIABLE:  DENSITY 

NOTE:  THIS  TEST  CONTROLS  THE  TYPE  I  EXPERIMENTWISE  ERROR  ratf 

™llRhypothe^sETE  NULL  hypothesis  but  under  PARTIAL 


ALPHAS 0 . 05  DF=4  MSE=5 . 8E-06 

NUMBER  OF  MEANS  2 

CRITICAL  RANGE  .00547834 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT 
SNK  GROUPING  MEAN  N  AGGREGAT 

A  2.381333  3  c 

B  2.355333  3  s 


1990  2 


F  VALU 
173.8: 
PR  >  I 
0.000  J 


1990  2<- 


K  \ 


SAS  H:5t  TUESDAY ,  MARCH  13,  1 

C0NTENT=7  .■ 

GENERAL  LINEAR  MODELS  PROCEDURE 
INDENT  VARIABLE:  STABILIT 


990 


ijRCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

F  VALUE 

EL 

1 

89548.16666667 

89548 .16666667 

2.65 

OR 

4 

135120 . 66666667 

33780.16666667 

PR  >  F 

;|rected  total 

5 

224668.83333333 

0.1788 

QUARE 

c.v. 

ROOT  MSE 

STABILIT  MEAN 

198579 

8.8369 

183.79381564 

2079.83333333 

jjRCE 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

5REGAT 

1 

89548 . 16666667 

2.65  0.1788 

JRCE 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

GREGAT 

1 

89548 . 16666667 

2.65  0.1788 

SAS 

11:56  TUESDAY,  MARCH 

13,  1990  25 

CONTENT=7 

GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT-NEWMAN-KEULS  ^EST  FOR  VARIABLE:  STMILIT 

ss.’ffi  ssss 

NULL  HYPOTHESES 

ALPHA=0 . 05  DF=4  MSE=337  80.2 


NUMBER  OF  MEANS 
CRITICAL  RANGE 


2 

416.89 


means  with  the  same  letter  are  not  significantly  different. 

SNK  GROUPING  ’  N  AGGREGAT 

2202.0  3  S 


A 

A 

A 


1957.7 


3  C 


GENERAL  LINEAR.  MODELS  PROCEDURE 
CLASS  LEVEL  INFORMATION 


CLASS  LEVELS  VALUES 

AGGREGAT  2  C  S 


NUMBER  OF  OBSERVATIONS  IN  BY  GROUP  =  6 


E 

in 


DEPENDENT  VARIABLE 
SOURCE 


SAS 
CONTENT=5 

GENERAL  LINEAR  MODELS  PROCEDURE 
DENSITY 


11:58  TUESDAY,  MARCH  13,  1990 


! 


MODEL 


ERROR 


CORRECTED  TOTAL 


DF 

1 

4 

5 


SUM  OF  SQUARES 
0 . 00487350 
0.00061733 
0.00549083 


MEAN  SQUARE 
0 . 00487350 
0.00015433 


F  VAI 


31.  i 

>v 


PR 

0.00 


R- SQUARE 
C .887570 


c.v. 

0.5332 


ROOT  MSE 
0.01242310 


DENSITY  MEAN 
2.32983333 


SOURCE 

AGGREGAT 


DF 

1 


TYPE  I  SS 
0.00487350 


F  VALUE 
31.58 


PR  >  F 
0.0049 


SOURCE 

AGGREGAT 


DF 

1 


TYPE  III  SS  F  VALUE  PR  >  F 

0.00487350  31.58  0.0049 


SAS 

CONTENT=5 


11:58  TUESDAY,  MARCH  13,  1990 


GENERAL  LINEAR  MODELS  PROCEDURE 


•  -3 


STUDENT-NEWMAN-KEULS  TEST  FOR  VARIABLE:  DENSITY 
NOTE:  THIS  TEST  CONTROLS  THE  TYPE  I  EXPERIMENTWI SE  ERROR  RATE 

“hSStSE™  NULL  hypothesis  but  not  under  partial 


ALPHA=0 . 05  DF =4  MSE=1 . 5E-04 


NUMBER  OF  MEANS  2 

CRITICAL  RANGE  0.0281787 


MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 
SNK  GROUPING  MEAN  N  AGGREGAT 

A  2.35833  3  c 

B  2.30133  3  S 


SAS 


11:58  TUESDAY ,  MARCH 
C0NTENT=5  L'-  t!.  '  -  •  / 

GENERAL  LINEAR  MODELS  PROCEDURE 


:endent 

)RCE 

VARIABLE : 

STAEILIT 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

:el 

1 

252560 .16666667 

252560 .16666667 

3  .OR 

4 

330954 .66666667 

82738 . 66666667 

:rected 

TOTAL 

5 

583514.83333333 

-i»  QUAKE 

c.v. 

ROOT  MSE 

STABILIT  MEAN 

1,32826 

13.9893 

287 . 64329762 

2056 . 16666667 

( JRCE 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

(3REGAT 

1 

252560 .16666667 

3.05  0.1555 

•  JRCE 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

,3REGAT 

1 

252560.16666667 

3.05  0.1555 

SAS 

CONTENT=5 

11:58  TUESDAY,  MARCH 

GENERAL  LINEAR  MODELS  PROCEDURE 
STUDENT-NEWMAN-KEULS  T£ST  ^OR  V^I^LE.  ST^ILI  ERROR  RATE 

ssss  »«« 

NULL  HYPOTHESES 

ALPHA=0 . 05  DF=4  MSE=82738.7 


NUMBER  OF  MEANS 
CRITICAL  RANGE 


652 . 446 

means  with  the  same  letter  are  not  significantly  different. 

snk  grouping  n  AGGREGM 

2261.3  3  c 


1990  3 


F  VALUE 
3.05 
PR  >  F 
0 . 1555 


1990  5 


A 

A 

A 


1851 . 0 


3  s 


CLASS  LEVEL  INFORMATION 
CLASS  LEVELS  VALUES 

AGGREGAT  2  C  S 

NUMBER.  OF  OBSERVATIONS  IN  BY  GROUP  =  6 


SAS 

11:58  TUESDAY,  MARCH  13 

,  199C 

1 

CONTENT=5 . 5 

GENERAL . 

LINEAR  MODELS  PROCEDURE 

1 

DEPENDENT  VARIABLE: 

DENSITY 

SOURCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

F  VA' 

MODEL 

1 

0.01118017 

0.01118017 

274 

PR  :i 

ERROR 

4 

0.00016267 

0.00004067 

CORRECTED  TOTAL 

5 

0.01134283 

O 

• 

o 

R- SQUARE 

C.V. 

ROOT  MSE 

DENSITY  MEAN 

t 

0.985659 

0.2732 

0.00637704 

2.33416667 

I 

SOURCE 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

AGGREGAT 

1 

0.01118017 

274.92  0.0001 

SOURCE 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

AGGREGAT 

1 

0.01118017 

274.92  0.0001 

SAS  11:58  TUESDAY,  MARCH  13, 

1990 

CONTENTS .  5 

GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT -NEWMAN-KEULS  TEST  FOR  VARIABLE:  DENSITY 

NOTE:  THIS  TEST  CONTROLS  THE  TYPE  I  EXPERIMENTWISE  ERROR  RATE 
UNDER  THE  COMPLETE  NULL  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 
NULL  HYPOTHESES 

ALPHA=0 . 

05  DF=4  MSE=4. 

IE-05 

NUMBER  OF  MEANS  2 

CRITICAL  RANGE  0.0144647 

MEANS  WITH 

THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 

SNK 

GROUPING 

MEAN 

N  AGGREGAT 

A 

2.377333 

3  C 

B 


2.291000 


3  S 


sa: 


1:58  TUESDAY,  MARCH  1-3 ,  19  90  8 


CONTENT=5 . 5  /  '  •-  . /V;  A  '  ‘  ':i  ■' 
GENERAL  LINEAR  MODELS  PROCEDURE 


PENDENT  VARIABLE:  STABILIT 


>RCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

F  VALUE 

Jel 

1 

1307600.16666667 

1307600 .16666667 

13.75 

1 

J.OR 

4 

380490 . 66666667 

95122 . 66666667 

PR  >  F 

0.0207 

;!rected  total 

5 

1688090 . 83333333 

■fQUARE 

C.V. 

ROOT  MSE 

STABILIT  MEAN 

174603 

15.7504 

308.41962756 

1958 .16666667 

3JRCE 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

feREGAT 

1 

1307600 .16666667 

13.75  0.0207 

rjRCE 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

GREGAT 

1 

1307600.16666667 

SAS 

13.75  0.0207 

11:58  TUESDAY ,  MARCH 

13,  1990  10 

CONTENT=5 . 5 

GENERAL  LINEAR  MODELS  PROCEDURE 


no^ENthisWtestKcontrolsTtheRtypeIiBexperi^ntwise  error  rate 
N0TE:  UNDER^THE  COMPLETE  NULL  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 
NULL  HYPOTHESES 


ALPHA=0 . 05  DF=4  MSE-95122.7 


NUMBER  OF  MEANS 
CRITICAL  RANGE 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT 


2 

699.572 

SIGNIFICANTLY  DIFFERENT. 


SNK  GROUPING 

A 


mean  n  aggregat 

2425.0  3  C 


B 


1491.3 


3  S 


GENERAL  LINEAR  MODELS  PROCEDURE 
CLASS  LEVEL  INFORMATION 
CLASS  LEVELS  VALUES 

AGGREGAT  2  C  S 

NUMBER  OF  OBSERVATIONS  IN  BY  GROUP  =  6 

SAS  11:58  TUESDAY,  MARCH  13, 

CONTENT=6 

GENERAL  LINEAR  MODELS  PROCEDURE 
DEPENDENT  VARIABLE:  DENSITY 


SOURCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

MODEL 

1 

0.01144067 

0.01144067 

ERROR 

4 

0.00098733 

0.00024683 

CORRECTED  TOTAL 

5 

0.01242800 

R- SQUARE 

C.V. 

ROOT  MSE 

DENSITY  MEAN 

0 . 920556 

0.6691 

0.01571093 

2.34800000 

SOURCE 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

AGGREGAT 

1 

0.01144067 

46.35  0.0024 

SOURCE 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

AGGREGAT 

1 

0 . 01144067 

46.35  0.0024 

SAS 

11:58  TUESDAY,  MARCH 

CONTENTS 

GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT - NEWMAN -KEULS  TEST  FOR  VARIABLE:  DENSITY 
NOTE:  THIS  TEST  CONTROLS  THE  TYPE  I  EXPERIMENT WI SE  ERROR  RATE 
UNDER  THE  COMPLETE  NULL  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 
NULL  HYPOTHESES 

ALPHA=0 . 05  DF=4  MSE=2.5E-04 

NUMBER  OF  MEANS  2 

CRITICAL  RANGE  0.0356363 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 
SNK  GROUPING  MEAN  N  AGGREGAT 

A  2.39167  3  C 


B 


2.30433 


3  S 


11:58  TUESDAY,  MARCH 


1990  13 


SAS 

-  /  _  "  . 

CONTENT- 6 


13, 


/ 


GENERAL  LINEAR  MODELS  PROCEDURE 
PENDENT  VARIABLE:  STABILIT 
URCE 
DEL 
ROR 

^ERECTED  TOTAL 

SQUARE 
904771 

j)URCE 
3GREGAT 

i 

OURCE 
KREGAT 

SAS  11:58  TUESDAY,  MARCH  13, 

CONTENT=6 

GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT-NEWMAN-KEULS  TEST  FOR  TWILIT  ERROR  RATE 

mTTTQ  rT’-pcT  CONTROLS  THE  TYPE  I  EXPERIMENTWl SE  EKKUK  Wiic- 

N0TE:  THE  COMPLETE  SuLL  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 

NULL  HYPOTHESES 

ALPHA=0 . 05  DF=4  MSE=4  6  922.2 

2 


DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

1 

1783240.16666667 

1783240.16666667 

4 

187688.66666667 

46922 .16666667 

5 

1970928.83333333 

C.V. 

ROOT  MSE 

STABILIT  MEAN 

11.1667 

216.61525031 

1939.83333333 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

1 

1783240.16666667 

38.00  0.0035 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

1 

1783240.16666667 

38.00  0.0035 

NUMBER  OF  MEANS 
CRITICAL  RANGE 


491.337 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 
SNK  GROUPING  ME*11  N  AGGREGAT 

A  2485.0  3  C 

B  1394.7  3  S 


F  VALUE 
38 . 00 
PR  >  F 
0.0035 


1990  15 


GENERAL  LINEAR  MODELS  PROCEDURE 


CLASS  LEVEL  INFORMATION 
CLASS  LEVELS  VALUES 

AGGREGAT  2  C  S 

NUMBER  OF  OBSERVATIONS  IN  BY  GROUP  =  6 

SAS  11:58  TUESDAY,  MARCH  13, 

CONTENT=6 . 5 

GENERAL  LINEAR  MODELS  PROCEDURE 


DEPENDENT 

VARIABLE : 

DENSITY 

SOURCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

MODEL 

1 

0.00481667 

0.00481667 

ERROR 

4 

0.00070933 

0.00017733 

CORRECTED 

TOTAL 

5 

0.00552600 

R- SQUARE 

C.V. 

ROOT  MSE 

DENSITY  MEAN 

0.871637 

0.5655 

0.01331666 

2.35500000 

SOURCE 

DF 

TYPE  I  SS 

F 

VALUE  PR  >  F 

AGGREGAT 

1 

0.00481667 

27.16  0.0065 

SOURCE 

DF 

TYPE  III  SS 

F 

VALUE  PR  >  F 

AGGREGAT 

1 

0.00481667 

27.16  0.0065 

SAS  11:58  TUESDAY,  MARCH  13, 

CONTENT=6 . 5 

GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT -NEWMAN-KEULS  TEST  FOR  VARIABLE:  DENSITY 
NOTE:  THIS  TEST  CONTROLS  THE  TYPE  I  EXPERIMENTWISE  ERROR  RATE 
UNDER  THE  COMPLETE  NULL  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 
NULL  HYPOTHESES 

ALPHA=0 . 05  DF=4  MSE=1 . 8E-04 

NUMBER  OF  MEANS  2 

CRITICAL  RANGE  0.0302055 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 

SNK  GROUPING  MEAN  N  AGGREGAT 

A  2.38333  3  C 

B  2.32667  3  S 


SAS 


’  t  / 


11:58  TUESDAY ,  MARCH 


13,  1990  18 


i  •  /  <  '  ' 

CONTENT=6 . 5 


GENERAL  LINEAR  MODELS  PROCEDUP.E 


INDENT 

ICE 

SL 

OR 

RECTED 

QUARE 

07029 

JRCE 

6REGAT 

JRCE 

SREGAT 


VARIABLE:  STABILIT 

DF 

1 

4 

5 


TOTAL 


C.V. 

7.2930 

DF 

1 

DF 

1 


SUM  OF  SQUARES 
169344 . 00000000 
109628 .00000000 
278972 .00000000 

ROOT  MSE 
165.55059650 


mean  square 

169344 . 00000000 
27407.00000000 


STABILIT  MEAN 
2270 . 00000000 


TYPE  I  SS  F  VALUE 
169344.00000000  6.18 


TYPE  III  SS 
169344 . 00000000 


F  VALUE 
6.18 


PR  >  F 
0.0678 

PR  >  F 
0.0678 


11:58  TUESDAY,  MARCH  13, 


SAS 
CONTENT=6 .5 

GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT-NEWMAN-KEULS  TEST  FOR  VARIABLE  ST^ILIT^^  error  r^e 

NOTE:  THIS  TEST  CONTROLS  THE  gUT  NOT  UNDER  PARTIAL 

UNDER  THE  COMPLETE  NULL  HYPOTHESIS  tfui 

NULL  HYPOTHESES 

ALPHA=0 . 05  DF=4  MSE=274  07 


NUMBER  OF  MEANS 
CRITICAL  RANGE 


2 

375.51 


MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 

SNK  GROUPING  ':,N  AGGREGM 

2438.0  3  C 


VALUE 
6.18 
PR  >  F 
0.0678 


1990  20 


A 

A 

A 


2102.0 


3  S 


GENERAL  LINEAR  MODELS  PROCEDURE 
CLASS  LEVEL  INFORMATION 
CLASS  LEVELS  VALUES 

AGGREGAT  2  C  S 

NUMBER  OF  OBSERVATIONS  IN  BY  GROUP  =  6 

SAS  11:58  TUESDAY,  MARCH  13,  1990 

CONTENT=7 

GENERAL  LINEAR  MODELS  PROCEDURE 


DEPENDENT 

VARIABLE : 

DENSITY 

t  / 

SOURCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

F  VA 

MODEL 

1 

0.00096267 

0.00096267 

4 

ERROR 

4 

0.00083667 

0.00020917 

PR 

CORRECTED 

TOTAL 

5 

0.00179933 

0 

• 

0 

R- SQUARE 

C.V. 

ROOT  MSE 

DENSITY  MEAN 

0.535013 

0.6133 

0.01446260 

2.35833333 

SOURCE 

'  c 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

AGGREGAT 

1 

0.00096267 

4.60  0.0985 

SOURCE 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

AGGREGAT 

1 

0.00096267 

4.60  0.0985 

SAS 

11:58  TUESDAY,  MARCH  13, 

1990 

CONTENTS 

GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT-NEWMAN-KEULS  TEST  FOR  VARIABLE:  DENSITY 
NOTE:  THIS  TEST  CONTROLS  THE  TYPE  I  EXPERIMENTWISE  ERROR  RATE 
UNDER  THE  COMPLETE  NULL  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 
NULL  HYPOTHESES 

ALPHA=0 . 05  DF=4  MSE=2 . IE-04 

NUMBER  OF  MEANS  2 

CRITICAL  RANGE  0.0328048 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 

SNK  GROUPING  MEAN  n  AGGREGAT 

A  2.37100  3  C 

A 

A  2.34567  3  S 


11:56  TUESDAY,  MARCH  13,  1990  ^3 


PENDENT 

JRCE 

DEL 

ROR 

RRECTED 

SQUARE 

288884 

>URCE 

JGREGAT 

)URCE 

SGREGAT 


SAS 

r'.  '/.[■;  I  !  " 

CONTENT=7 
GENERAL  LINEAR  MODELS  PROCEDURE 


VARIABLE : 


TOTAL 


STABILIT 


DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

F  VALUE 

1 

62220 .16666667 

62220 .16666667 

1 . 62 

4 

153160 . 66666667 

38290 .16666667 

PR  >  F 

5 

215380.83333333 

0.2714 

C.V. 

ROOT  mse 

STABILIT  MEAN 

9.2834 

195.67873330 

2107.83333333 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

1 

62220.16666667 

1.62  0.2714 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

1 

62220 .16666667 

1.62  0.2714 

SAS 

11:58  TUESDAY,  MARCH 

13,  1990  25 

CONTENT=7 

GENERAL  LINEAR  MODELS  PROCEDURE 

JDENT-NEVMAN-KEULS  TEST  FOR  VARIABLE^>erimeNtWIse  ERROR  RATE 
THIS  TEST  CONTROLS  BUT  NOT  UNDER  PARTIAL 

UNDER  THE  COMPLETE  NULL  HYPOTHESIS 

NULL  HYPOTHESES 


T\T-DU7Y=n  OS  DF— 4 


NUMBER  OF  MEANS 
CRITICAL  RANGE 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT 
SNK  GROUF  TNG 


2 

443 . 848 

SIGNIFICANTLY  DIFFERENT. 
MEAN  n  AGGREGAT 


A 

A 

A 


2209.7 

2006.0 


SAS  12:00  TUESDAY,  MARCH  13,  1990 

CONTENT=5 

GENERAL  LINEAR  MODELS  PROCEDURE 
CLASS  LEVEL  INFORMATION 


CLASS  LEVELS 

VALUES 

AGGREGAT  2 

c  s 

1 

SAS 

12:00  TUESDAY,  MARCH  13 

,  1990  1 

CONTENT=5 

* 

GENERAL  LINEAR  MODELS  PROCEDURE 

1 

DEPENDENT 

VARIABLE : 

DENSITY 

♦ 

SOURCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

F  VALl 

MODEL 

1 

0.00470400 

0.00470400 

9.5 

ERROR 

4 

0.00197333 

0.00049333 

PR  > 

CORRECTED 

TOTAL 

5 

0.00667733 

0 . 036' 

R- SQUARE 

C.V. 

ROOT  MSE 

DENSITY  MEAN 

1 

0.704473 

0 . 9585 

0.02221111 

2.31733333 

f 

SOURCE 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

AGGREGAT 

1 

0.00470400 

9.54  0.0366 

SOURCE 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

AGGREGAT 

1 

0.00470400 

9.54  0.0366 

SAS 

12:00  TUESDAY,  MARCH  13, 

1990  4 

CONTENT=5 

GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT -NEWMAN -KEULS  TEST  FOR  VARIABLE:  DENSITY 
NOTE:  TrilS  TEST  CONTROLS  THE  TYPE  I  EXPERIMENTWISE  ERROR  RATE 
UNDER  THE  COMPLETE  NULL  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 
NULL  HYPOTHESES 

ALPHA=0 . 05  DF=4  MSE=4 . 9E-04 

NUMBER  OF  MEANS  2 

CRITICAL  RANGE  0.0503803 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 
SNK  GROUPING  MEAN  N  AGGREGAT 

A  2.34533  3  C 


B 


2.28933 


3  S 


SAS 


12:00  TUESDAY,  MARCH  13, 


1990  3 


CONTENT=5 


GENERAL  LINEAR  MODELS  PROCEDURE 


>ENDENT 

VARIABLE  : 

STABILIT 

JRCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

DEL 

1 

2 . 66666667 

2.66666667 

*OR 

4 

450842 . 66666667 

112710 . 66666667 

RRECTED 

TOTAL 

5 

450845.33333333 

SQUARE 

C.V. 

ROOT  MSE 

STABILIT  MEAN 

000006 

14.5629 

335.72409307 

2305.33333333 

URCE 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

,GREGAT 

1 

2.66666667 

0.00  0.9964 

>URCE 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

;gregat 

1 

2.66666667 

0.00  0.9964 

SAS 


12:00  TUESDAY,  MARCH  13, 


CONTENT=5 

GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT -NEWMAN-KEULS  TEST  FOR  VARIABLE:  STABILIT 
NOTE*  THIS  TEST  CONTROLS  THE  TYPE  I  EXPERIMENTWI SE  ERROR  RATE 
UNDER  THE  COMPLETE  NULL  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 
NULL  HYPOTHESES 


ALPHA=0 . 05  DF=4  MSE=112711 


NUMBER  OF  MEANS  2 

CRITICAL  RANGE  761.506 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 


SNK 

GROUPING 

MEAN 

N 

AGGREGAT 

A 

2306.0 

3 

C 

A 

A 

2304.7 

3 

S 

VALUE 
0.00 
PR  >  F 
0.9964 


1990  5 


w  1  >  J .  I_ii  *  A 


GENERAL  LINEAR  MODELS  PROCEDURE 
CLASS  LEVEL  INFORMATION 
CLASS  LEVELS  VALUES 

AGGREGAT  2  C  S 


NUMBER  OF  OBSERVATIONS  IN  BY  GROUP  =  6 


SAS 

12:00  TUESDAY,  MARCH  13, 

1990 

CONTENTS .  5 

GENERAL 

LINEAR  MODELS  PROCEDURE 

DEPENDENT 

VARIABLE : 

DENSITY 

SOURCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

F  VAX 

MODEL 

1 

0.00516267 

0.00516267 

9. 

ERROR 

4 

0.00210933 

0.00052733 

PR  > 

CORRECTED 

TOTAL 

5 

0.00727200 

0 

• 

0 

u> 

R- SQUARE 

C.V. 

ROOT  MSE 

DENSITY  MEAN 

0.709938 

0.9856 

0.02296374 

2.33000000 

SOURCE 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

AGGREGAT 

1 

0.00516267 

9.79  0.0352 

SOURCE 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

AGGREGAT 

1 

0.00516267 

9.79  0.0352 

SAS 

12:00  TUESDAY,  MARCH  13, 

1990 

CONTENT=5 . 5 

GENERAL  LINEAR  MODELS  PROCEDURE 


STUDENT-NEWMAN-KEULS  TEST  FOR  VARIABLE-  DENSITY 

N0TE:  ™5LTEST  CONTROLS  THE  TYPE  I  EXPERIMENTS SE  ERROR  RATE 

NULL  HYPOTHESESETE  NULL  HyP0THESIS  BUT  N0T  UNDER  PARTIAL 


ALPHA=0 . 05  DF=4  MSE=5 . 3E-04 

NUMBER  OF  MEANS  2 

CRITICAL  RANGE  0.0520875 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT 
SNh  GROUPING  MEAN  N  AGGREGAT 

A  2.35933  3  c 


B 


2.30067 


3  S 


12:00  TUESDAY,  MARCH  13,  1990 


SAS 

•  /  /*•  n  <  •  - 

CONTENT=5 . 5 

GENERAL  LINEAR  MODELS  PROCEDURE 


ENDENT 

VARIABLE : 

STABILIT 

RCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

F  VALUE 

EL 

1 

29821.50000000 

29821 . 50000000 

0 . 57 

.OR 

4 

210969.33333333 

52742.33333333 

PR  >  F 

0.4939 

RECTED 

TOTAL 

5 

240790 . 83333333 

SQUARE 

C.V. 

ROOT  MSE 

STABILIT  MEAN 

.23848 

10.2244 

229.65699060 

2246.16666667 

JRCE 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

3REGAT 

1 

29821.50000000 

0.57  0.4939 

[JRCE 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

1 

29821.50000000 

0.57  0.4939 

GREGAT 

a 

SAS 

12:00  TUESDAY,  MARCH 

13,  1990  1 

CONTENT=5 . 5 


GENERAL  LINEAR  MODELS  PROCEDURE 
ST^EN^"^W^TKCONTROLSTTHERTYPEIIBEXPERI^NTWISE  ERROR  RATE 

N0TE:  SSer  tIe  complete  null  hypothesis  but  not  under  partial 

NULL  HYPOTHESES 

ALPHA=0 . 05  DF=4  MSE=52742 . 3 


NUMBER  OF  MEANS 
CRITICAL  RANGE 


520.919 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 
SNK  GROUPING  MBMI  N  AGGREGAT 

2316.7  3  C 


A 

A 

A 


2175.7 


3  S 


CONTENT -6 


GENERAL  LINEAR  MODELS  PROCEDURE 
CLASS  LEVEL  INFORMATION 


CLASS  LEVELS 

VALUES 

I 

AGGREGAT  2 

C  S 

1 

r 

NUMBER 

OF  OBSERVATIONS  IN 

BY  GROUP  =  6 

) 

SAS 

12:00  TUESDAY,  MARCH  13 

,  1990  3 

CONTENT=6 

GENERAL  LINEAR  MODELS  PROCEDURE 

. 

DEPENDENT 

VARIABLE : 

DENSITY 

SOURCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

‘  .1 

F  VALU 

MODEL 

1 

0.00281667 

0.00281667 

46. 3; 

ERROR 

4 

0.00024333 

0.00006083 

PR  > 

CORRECTED 

TOTAL 

5 

0.00306000 

0.002 

f 

«  1 

R- SQUARE 

C.V. 

ROOT  MSE 

DENSITY  MEAN 

..  H 

0.920479 

0.3330 

0.00779957 

2.34200000 

SOURCE 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

AGGREGAT 

1 

0.00281667 

46.30  0.0024 

SOURCE 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

AGGREGAT 

1 

0.00281667 

46.30  0.0024 

SAS  12:00  TUESDAY,  MARCH  13, 

1990  14 

CONTENT=6 

GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT -NEWMaN-KEULS  TEST  FOR  VARIABLE:  DENSITY 
NOTE:  THIS  TEST  CONTROLS  THE  TYPE  I  EXPERIMENTWISE  ERROR  RATE 
UNDER  THE  COMPLETE  NULL  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 
NULL  HYPOTHESES 

ALPHA=0 . 05  DF=4  MSE=6 . IE-05 

NUMBER  OF  MEANS  2 

CRITICAL  RANGE  0.0176914 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 
SNK  GROUPING  MEAN  N  AGGREGAT 

A  2.363667  3  C 

B  2.320333  3  S 


>ENDENT 

JRCE 

)EL 

3.0R 

■ERECTED 

SQUARE 

001251 

URCE 

1GREGAT 

)URCE 

5GREGAT 


SAS 

/  '  /  •;  •  /  (  ■  t  / 

CONTENT=6 


12:00  TUESDAY ,  MARCH  13,  1090 


-  D 


GENERAL  LINEAR  MODELS  PROCEDURE 
VARIABLE:  STABILIT 


TOTAL 


DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

F  VALUE 

1 

400.16666667 

400  . 

1 6666667 

0.01 

4 

5 

319427.33333333 

319827.50000000 

79856. 

83333333 

PR  >  F 

0.9470 

c.v. 

ROOT  MSE 

STABILIT  MEAN 

12.4681 

282.58951384 

2266, 

.50000000 

DF 

TYPE  I  SS 

F  VALUE 

PR  >  F 

1 

400 . 16666667 

0.01 

0.9470 

DF 

TYPE  III  SS 

F  VALUE 

PR  >  F 

1 

400 .16666667 

0.01 

0.9470 

12:00  TUESDAY,  MARCH  13,  1990  15 


SAS 
CONTENT=6 

GENERAL  LINEAR  MODELS  PROCEDURE 

rUDENT-NEWMAN-KEULS  TEST  FOR  VARIABLE^  STMILIT  ERR0R  RATE 

OTE:  THIS  TEST  CONTROLS  ^  TYPE  I  EXPERIMEN  PARTIAL 

UNDER  THE  COMPLETE  NULL  HYPOTHESIS  flUl 
NULL  HYPOTHESES 

ALPHA=0 . 05  DF=4  MSE=79856.8 

2 


NUMBER  OF  MEANS 
CRITICAL  RANGE 


640 . 983 

ffiANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 

SNK  GROUPING  N  AGGREGAT 

A  2274.7  3  S 

A  2258.3  3  C 


GENERAL  LINEAR  MODELS  PROCEDURE 


CLASS  LEVEL  INFORMATION 
CLASS  LEVELS  VALUES 

AGGREGAT  2  C  S 

1 

NUMBER  OF  OBSERVATIONS  IN  BY  GROUP  =  6  1 

SAS  12:00  TUESDAY,  MARCH  13,  1990  ] 

KK*  Tdki  cy  rtnex 
CONTENT=6 .5 

GENERAL  LINEAR  MODELS  PROCEDURE 
DEPENDENT  VARIABLE:  DENSITY 


SOURCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

F  VALU 

MODEL 

1 

0 . 00256267 

0 . 00256267 

76.8 

ERROR 

4 

0 . 00013333 

0 . 00003333 

PR  >  : 

CORRECTED  TOTAL 

5 

0.00269600 

o 

• 

o 

o 

o 

■  ■  7;  9*  m 

R- SQUARE 

C.V. 

ROOT  MSE 

DENSITY  MEAN 

I 

0.950544 

0.2457 

0 . 00577350 

2.35000000 

SOURCE 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

AGGREGAT 

1 

0.00256267 

76.88  0.0009 

SOURCE 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

AGGREGAT 

1 

0 . 00256267 

76.88  0.0009 

SAS  12:00  TUESDAY,  MARCH  13, 

1990  IS 

CONTENT=6 . 5 

GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT-NEWMAN-KEULS  TEST  FOR  VARIABLE:  DENSITY 

NOTE:  THIS  TEST  CONTROLS  THE  TYPE  I  EXPERIMENTWISE  ERROR  RATE 

UNDER  THE  COMPLETE  NULL  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 
NULL  HYPOTHESES  ^ 

ALPHA=0 . 

05  DF=4  MSE=3 . 

3E-05 

NUMBER  OF  MEANS  2 

CRITICAL  RANGE  0.0130957 

MEANS  KITH 

THE  SAME  LETTER  ARE  NOT  S IGNIFICANTLY  DIFFERENT. 

SNK 

grouping 

MEAN 

N  AGGREGAT 

A 

2 . 370667 

3  C 

B 

2 . 329333 

3  S 

fSNDENT 

RCE 

EL 
:  OR 

;RECTED 

IQUARE 

180317 

JRCE 

SREGAT 

[JRCE 

GREGAT 

I 


SAS 
CONTENT=6 . 5 

GENERAL  LINEAR  MODELS  PROCEDURE 
VARIABLE:  STABILIT 


2:00  TUESDAY ,  MARCH  13,  1990  1 B 


TOTAL 


DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

F  VALUE 

1 

18150 . 00000000 

18150 . 

00000000 

0.35 

4 

207829.33333333 

51957. 

33333333 

PR  >  F 

5 

225979.33333333 

0.5863 

c.v. 

ROOT  MSE 

STABILIT  MEAN 

10.0341 

227 . 94151297 

2271, 

.  66666667 

DF 

TYPE  I  SS 

F  VALUE 

PR  >  F 

1 

18150 . 00000000 

0.35 

0.5863 

DF 

TYPE  III  SS 

F  VALUE 

PR  >  F 

1 

18150 . 00000000 

0.35 

0.5863 

SAS  12:00  TUESDAY ,  MARCH  13,  1990  20 

CONTENT=6 .5 

GENERAL  LINEAR  MODELS  PROCEDURE 
rUDENT -NEWMAN -KEULS  TEST mu^TYPF1  ^EXPERIMENTWISE  ERROR  RATE 

s  “tS  sssa  sseSoSJ™  *» 

NULL  HYPOTHESES 

ALPHA=0 . 05  DF=4  MSE=51957.3 

2 


NUMBER  OF  MEANS 
CRITICAL  RANGE 


517 . 028 

WITH  THE  SAME  LETTER  NOT  SIGNIFICANTLY  DIFFERENT. 

SNK  grouping  ,,  “»»  N  AGGBEGAT 

A  2326.7  3  s 

\  2216.7  3  C 


COii  ..  EN  1  —  7 

GENERAL  LINEAR.  MODELS  PROCEDURE 
CLASS  LEVEL  INFORMATION 
CLASS  LEVELS  VALUES 

AGGREGAT  2  C  S 


NUMBER  OF 

OBSERVATIONS  IN 

BY  GROUP  =  6 

SAS 

12:00  TUESDAY,  MARCH  13, 

1990  2 

CONTENT=7 

GENERAL 

LINEAR  MODELS  PROCEDURE 

DEPENDENT 

VARIABLE : 

DENSITY 

SOURCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

F  VALU 

MODEL 

1 

0.00035267 

0.00035267 

8.2 

ERROR 

4 

0.00017067 

0.00004267 

PR  > 

CORRECTED 

TOTAL 

5 

0.00052333 

0.045 

R- SQUARE 

C.V. 

ROOT  MSE 

DENSITY  MEAN 

0 . 673885 

0.2778 

0.00653197 

2.35133333 

SOURCE 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

AGGREGAT 

1 

0.00035267 

8.27  0.0452 

SOURCE 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

AGGREGAT 

1 

0.00035267 

8.27  0.0452 

SAS  12:00  TUESDAY,  MARCH  13,  1990  2* 

CONTENT=7 

GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT -NEWMAN ’-KEULS  TEST  FOR  VARIABLE:  DENSITY 
NOTE:  THIS  TEST  CONTROLS  THE  TYPE  I  EXPERIMENTWISE  ERROR  RATE 
UNDER  THE  COMPLETE  NULL  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 
NULL  HYPOTHESES 

ALPHA=0 . 05  DF=4  MSE=4 . 3E-05 

NUMBER  OF  MEANS  2 

CRITICAL  RANGE  0.0148161 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 

SNK  GROUPING  MEAN  N  AGGREGAT 

A  2.359000  3  C 


B 


2.343667 


3  S 


Experimental  Design 


One  Way  ANOVA  Analysis 
for 

Unmodified  Cenex  ane  Conoco  with  50 


by 

Percent  of  Asphalt  Content 


and  75  Blows 


OPTION  L  S  =  8  0  ; 

DATA  ASPHALT; 

LENGTH  TEMP  TYPE  $  10; 

INFILE  ASPHALT • 

IFPTYPE-"C«n»v^»vn  LlFL*  $  C0NTENT  SAMPLE  STABILIT  DENSITY; 

T  ~PE—  Cenex  AND  TEMP  =  "Specif  led"  AND  AGGREGATE'S"* 

PROC  SORT;  BY  CONTENT;  ' 

PROC  GLM;  BY  CONTENT; 

CLASS  BLOW; 

MODEL  DENSITY  STABILIT=BLOW; 

MEANS  BLOW/SNK; 


0 


NDENT 
,CE 
L 
)R 

elected  total 


GENERAL  LINEAR.  MODELS  PROCEDURE 
CLASS  LEVEL  INFORMATION 
CLASS  LEVELS  VALUES 

BLOW  2  50  75 

NUMBER  OF  OBSERVATIONS  IN  BY  GROUP  =  6 

SAS  18:33  MONDAY,  MARCH  12,  1990  6 

CONTENT=5 

GENERAL  LINEAR  MODELS  PROCEDURE 

VARIABLE:  DENSITY 

DF 


1 

4 

5 


SUM  OF  SQUARES 
0 . 00345600 
0 . 00035200 
0.00380800 


mean  SQUARE 
0.00345600 
0 . 00008800 


F  VALUE 
39.27 
PR  >  F 
0 . 0033 


I 


2UARE 

C.V. 

ROOT  mse 

D7563 

0.4042 

0 . 00938083 

RCE 

DF 

TYPE  I  SS  F 

* 

1 

0.00345600 

j 

RCE 

DF 

TYPE  III  SS  F 

W 

1 

0.00345600 

density  mean 

2.32100000 


39.27 


PR  >  F 
0.0033 

PR  >  F 
0.0033 


SAS 
CONTENT=5 

GENERAL  LINEAR  MODELS  PROCEDURE 


39.27 

18:33  MONDAY ,  MARCH  12,  1990  8 


o 


STUDENT-NEWMAN-KEULS  TEST  FOR  VARIABLE^DENSITY^se  error  rate 

N0TE:  SSSr*S  CO^LEtI  N^L  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 
NULL  HYPOTHESES 

ALPHA=0 . 05  DF=4  MSE=8.8E-05 

NUMBER  OF  MEANS  ^ 

CRI T I  CAL  RANGE  0.021*-7bl 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 
SNK  GROUPING  N  BLOW 

A  2.345000  3  75 

2.297000 


B 


3  50 


SAS 


18:33  MONDAY,  MARCH  12,  1990 


CONTENT=5  c:/-Nt-X 


GENERAL  LINEAR  MODELS  PROCEDURE 


DEPENDENT 

VARIABLE : 

STABILIT 

SOURCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

F  VALUE 

MODEL 

1 

427734 . 00000000 

427734.00000000 

VO 

OO 

• 

cr> 

ERROR 

4 

17664 . 00000000 

4416.00000000 

PR  >  F 

CORRECTED 

TOTAL 

5 

445398 . 00000000 

0.0006 

R- SQUARE 

C.V. 

ROOT  MSE 

STABILIT  MEAN 

0.960341 

3.5555 

66.45299090 

1869.00000000 

• 

-  M\ 

SOURCE 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

m 

BLOW 

1 

427734.00000000 

96.86  0.0006 

j 

SOURCE 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

BLOW 

1 

427734 . 00000000 

96.86  0.0006 

' 

SAS 

18:33  MONDAY,  MARCH  12, 

1990  9 

CONTENT=5 

GENERAL  LINEAR  MODELS  PROCEDURE 


STUDENT -NEWMAN-KEULS  TEST  FOR  VARIABLE:  STABILIT 
NOTE:  THIS  TEST  CONTROLS  THE  TYPE  I  EXPERIMENTWISE  ERROR  RATE 
UNDER  THE  COMPLETE  NULL  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 
NULL  HYPOTHESES 

ALPHA=0 . 05  DF=4  MSE=4416 

NUMBER  OF  MEANS  2 

CRITICAL  RANGE  150.732 

-'"V 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 
SNK  GROUPING  MEAN  N  BLOW 

A  2136.00  3  75 

1602.00  3  50 


B 


id 


GENERAL  LINEAR.  MODELS  PROCEDURE 
CLASS  LEVEL  INFORMATION 
CLASS  LEVELS  VALUES 

BLOW  2  50  75 

NUMBER  OF  OBSERVATIONS  IN  BY  GROUP  =  6 

SAS  18:33  MONDAY,  MARCH  12,  1990  11 

C0NTENT=5 . 5 

GENERAL  LINEAR  MODELS  PROCEDURE 


?  NDENT  VARIABLE 


CE 


CL 

P>R 

ELECTED  TOTAL 

1-J.JUARE 

!.:|72374 

10'iRCE 

LW 


DENSITY 

DF 

1 

4 

5 

C.V. 

1.0566 

DF 

1 


SUM  OF  SQUARES 
0 . 00050417 
0.00242067 
0.00292483 

ROOT  mse 
0 . 02460014 

TYPE  I  SS 
0 . 00050417 


MEAN  SQUARE 
0 . 00050417 
0.00060517 


F  VALUE 
0 . 83 
PR  >  F 
0.4130 


density  mean 

2.32816667 


F  VALUE 
0.83 


sc 


3T 


RCE 


Ta7 


DF 

1 


PR  >  F 
0.4130 

PR  >  F 
0.4130 


18:33  MONDAY,  MARCH  12,  1990  13 


TYPE  III  SS  F  VALUE 
0.00050417  0.83 

SAS 
CONTENT=5 . 5 

GENERAL  LINEAR  MODELS  PROCEDURE 
STUDENT-NEWMAN-KEULS  TEST  FOR  VARIABLE:  DENSITY 

NOTE •  THIS  TEST  CONTROLS  THE  TYPE  I  EXPERIMENTWISE  ERROR  RATE 
N0TE’  UNDER  THE  COMPLETE  NULL  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 
NULL  HYPOTHESES 

ALPHA=0 . 05  DF=4  MSE=6 . IE-04 

NUMBER  OF  MEANS  2 

CRITICAL  RANGE  0.0557992 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 


SNK 

GROUPING 

MEAN 

N 

BLOW 

A 

2.33733 

3 

75 

A 

A 

2 . 31900 

3 

50 

SAS 


18:33  MONDAY,  MARCH  12,  1990  12 


CONTENT=5 . 5  C l  Kt  / 
GENERAL  LINEAR  MODELS  PROCEDURE 


DEPENDENT 

VARIABLE : 

STABILIT 

SOURCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

F  VALUE 

MODEL 

1 

350900 .16666667 

350900 .16666667 

57.90 

ERROR 

4 

24243.33333333 

6060.83333333 

PR  >  F 

CORRECTED 

TOTAL 

5 

375143.50000000 

0.0016 

R- SQUARE 

o 

• 

<J 

• 

ROOT  MSE 

STABILIT  MEAN 

0.935376 

3.5835 

77.85135409 

2172.50000000 

SOURCE 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

BLOW 

1 

350900.16666667 

57.90  0.0016 

SOURCE 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

BLOW 

1 

350900.16666667 

57.90  0.0016 

SAS 

18:33  MONDAY,  MARCH  12, 

1990  14 

CONTENT=5 . 5 

GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT -NEWMAN -KEULS  TEST  FOR  VARIABLE:  STABILIT 
NOTE:  THIS  TEST  CONTROLS  THE  TYPE  I  EXPERIMENTWISE  ERROR  RATE 
UNDER  THE  COMPLETE  NULL  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 
NULL  HYPOTHESES 

ALPHA=0 . 05  DF=4  MSE=6060 . 63 

NUMBER  OF  MEANS  2 

CRITICAL  RANGE  176.586 

■> 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 


,  -5 


SNK 

GROUPING 

MEAN 

N 

BLOW 

A 

2414.33 

3 

75 

B 

1930.67 

3 

50 

CONTENT=C 


general  linear  models  procedure 

CLASS  LEVEL  INFORMATION 
CLASS  LEVELS  VALUES 

BLOW  2  50  75 

number  of  observations  in  by  group  =  6 

SAS  18:33  MONDAY ,  MARCH  12 

CONTENT=6 

GENERAL  LINEAR  MODELS  PROCEDURE 
END  ENT  VARIABLE:  DENSITY 


RCE 

DF 

EL 

1 

LOR 

4 

iRECTED  TOTAL 

5 

SQUARE 

C.V. 

549732 

0.7909 

JRCE 

DF 

OW 

1 

[JRCE 

DF 

ow 

1 

SUM  OF  SQUARES 
0 . 00252150 
0 . 00135933 
0.00388083 

ROOT  mse 
0.01843457 


MEAN  SQUARE 
0.00252150 
0.00033983 


DENSITY  MEAN 
2.33083333 


■> 


type  I  ss  f  value  PR  >  f 

0.00252150  7.42  0.0528 

TYPE  III  SS  F  VALUE  PR  >  F 

0.00252150  7.42  0.0528 

SAS  18:33  MONDAY ,  MARCH  12, 

CONTENT=6 

GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT-NEWMAN-KEULS  TEST  FOR  VARIABLE^  Err0R  RATE 

N0TE:  S&1S  cS  ^hypothesis  but  not  under  partial 

NULL  HYPOTHESES 

ALPHA=0 . 05  DF=4  MSE=3 . 4E-04 

NUMBER  OF  MEANS  | 

CRITICAL  RANGE  0.0418 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 

MEAN  N  BLOW 

SNK  GROUPING 


A 

A 


2.35133 

o  oi n?? 


3  75 


1990  16 


F  VALUE 
7 . 42 
PR  >  F 
0.0528 


1990  18 


SAS 


18:33  MONDAY,  MARCH  12,  1990  1' 


CONTENT=6  Ct.UL/ 
GENERAL  LINEAR  MODELS  PROCEDURE 
DEPENDENT  VARIABLE:  STABILIT 


SOURCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

MODEL 

1 

582193.50000000 

582193.50000000 

ERROR 

4 

700390.00000000 

175097.50000000 

CORRECTED  TOTAL 

5 

1282583.50000000 

R- SQUARE 

C.V. 

ROOT  MSE 

STABILIT  MEAN 

0.453922 

19.5035 

418.44653183 

2145.50000000 

SOURCE 

DF 

TYPE  I  SS 

F 

VALUE  PR  >  F 

BLOW 

1 

582193.50000000 

3.32  0.1423 

SOURCE 

DF 

TYPE  III  SS 

F 

VALUE  PR  >  F 

BLOW 

1 

582193.50000000 

3.32  0.1423 

CONTENT=6 


munjjax,  MARCH  12 


GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT-NEWMAN-KEULS  TEST  FOR  VARIABLE:  STABILIT 

NOTE:  THIS  TEST  CONTROLS  THE  TYPE  I  EXPERIMENTWISE  ERROR  RATE 

UNDER  THE  COMPLETE  NULL  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 
NULL  HYPOTHESES 


ALPHA=0 . 05  DF=4  MSE=175098 


NUMBER  OF  MEANS  2 

CRITICAL  RANGE  949.141 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY 

SNK  GROUPING  MEAN  N 

A  2457.0  3 

A 

A  1834.0  3 


DIFFERENT. 

BLOW 

75 

50 


F  VALUE 
3.32 
PR  >  F 
0.1423 


1990  19 


GENERAL  LINEAR  MODELS  PROCEDURE 
CLASS  LEVEL  INFORMATION 
CLASS  LEVELS  VALUES 


BLOW 

2  50 

75 

m.  .  , . 

number  of  observations  in  BY 

GROUP  =  6 

SAS 

18:33  MONDAY,  MARCH  12, 

1990  21 

CONTENT=6 . 5 

general 

LINEAR  MODELS  PROCEDURE 

dsndent 

VARIABLE : 

density 

JRCE 

DF 

SUM  OF  SQUARES 

mean  SQUARE 

F  VALUE 

K.SL 

1 

0.00187267 

0.00187267 

38 . 88 

i 

4 

0.00019267 

0.00004817 

PR  >  F 

0.00206533 

0 . 0034 

^ RECTED 

TOTAL 

5 

■QUARE 

C.V. 

ROOT  mse 

DENSITY  MEAN 

.06714 

0.2936 

0.00694022 

2.36366667 

:rce 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

iW 

1 

0.00187267 

38.88  0.0034 

IFRCE 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

|)w 

1 

0.00187267 

38.88  0.0034 

18:33  MONDAY ,  MARCH  12,  1990  23 


SAS 
CONTENT=6 . 5 

GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT-NEWMAN-KEULS  TEST  FOR  VARIABLE^  DENSITY  ERR0R  RATE 

SE»“K  SEK  mr  »»«« 

NULL  HYPOTHESES 

ALPHA=0 . 05  DF=4  MSE=4.8E-05 

NUMBER  OF  MEANS  * 

CRITICAL  RANGE  0.01574-1 

WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 

SNK  GROUPING  N  BL°W 

A  2.381333  3  75 

B  2.346000  3  50 


SA5 


18:33  MONDAY ,  MARCH  12,  1990  22 
CONTENT=6 . 5  C  f  t  { t_  s 


GENERAL  LINEAR  MODELS  PROCEDURE 


DEPENDENT 

VARIABLE : 

STABILIT 

SOURCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

MODEL 

1 

126150 . 00000000 

126150 . 00000000 

ERROR 

4 

165048 . 00000000 

41262.00000000 

CORRECTED 

TOTAL 

5 

291198 . 00000000 

R- SQUARE 

c.v. 

ROOT  MSE 

STABILIT  MEAN 

0.433210 

9.3522 

203.13049993 

2172.00000000 

SOURCE 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

BLOW 

1 

126150.00000000 

3.06  0.1553 

SOURCE 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

BLOW 

1 

126150 . 00000000 

3.06  0.1553 

F  VALUE 
3.06 
PR  >  F 
0.1553 


SA$  18:33  MONDAY ,  MARCH  12,  1990  24 

CONTENT=6 . 5 

GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT -NEWMAN -KEULS  TEST  FOR  VARIABLE:  STABILIT 
NOTE:  THIS  TEST  CONTROLS  THE  TYPE  I  EXPERIMENTWISE  ERROR  RATE 
UNDER  THE  COMPLETE  NULL  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 
NULL  HYPOTHESES 


ALPHA=0 . 05  DF=4  MSE=41262 

NUMBER  OF  MEANS  2 

CRITICAL  RANGE  460.75 


MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 


SNK 

GROUPING 

MEAN 

3  N 

BLOW 

A 

A 

2317.0 

3 

75 

A 

2027.0 

3 

50 

« 


EPENDENT 

OURCE 

:odel 

,RROR 

:ORRECTED 

(.-SQUARE 

L 

) .  870593 

5 OURCE 
3LOW 

SOURCE 

BLOW 


GENERAL  LINEAR  MODELS  PROCEDURE 
CLASS  LEVEL  INFORMATION 
CLASS  LEVELS  VALUES 

BLOW  2  50  75 

NUMBER  OF  OBSERVATIONS  IN  BY  GROUP  =  6 

SAS  11:50  TUESDAY,  MARCH  13,  1990 

CONTENT=5  to  Noe  0 
GENERAL  LINEAR  MODELS  PROCEDURE 

VARIABLE:  DENSITY 


TOTAL 


DF 

SUM  OF  SQUARES 

MEAN  square 

F  VALUE 

1 

0.00459267 

0.00459267 

26.91 

4 

0.00068267 

0.00017067 

PR  >  F 

5 

0.00527533 

0.0066 

c.v. 

ROOT  MSE 

DENSITY  MEAN 

0.5621 

0 .01306395 

2.32433333 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

1 

0 .00459267 

26.91  0.0066 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

1 

0 .00459267 

26.91  0.0066 

SAS 

11:50  TUESDAY,  MARCH 

13,  1990 

CONTENT=5 

GENERAL  LINEAR  MODELS  PROCEDURE 
!0?EEN?H?S^TKCON?ROLfTHrTY^TEXPERI^N?wiSE  ERROR  RATE 

under  the  complete  null  hypothesis  but  not  under  partial 

NULL  HYPOTHESES 

ALPHA=0.05  DF=4  MSE=1 . 7E-04 

NUMBER  OF  MEANS  ^  2 

CRITICAL  RANGE  0.0296323 

means  with  the  same  letter  are  not  significantly  different. 
SNK  grouping  mean  n  blow 

A  2.35200  3  75 

B  2.29667  3  50 


SAS 


11:50  TUESDAY,  MARCH  13, 


1990 


CONTENT=5  C  C  >■ 

GENERAL  LINEAR  MODELS  PROCEDURE 


DEPENDENT  VARIABLE:  STABILIT 


SOURCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

MODEL 

1 

474328.16666667 

474328.16666667 

ERROR 

4 

156600.66666667 

39150.16666667 

CORRECTED  TOTAL 

5 

630928.83333333 

R- SQUARE 

C.V. 

ROOT  MSE 

STABILIT  MEAN 

0.751793 

10.3332 

197.86401054 

1914.83333333 

SOURCE 

DF 

TYPE  I  SS 

F 

VALUE  PR  >  F 

BLOW 

1 

474328.16666667 

12.12  0.0253 

SOURCE 

DF 

TYPE  III  SS 

F 

VALUE  PR  >  F 

BLOW 

1 

474328.16666667 

12.12  0.0253 

SAS  11:50  TUESDAY,  MARCH  13, 

CONTENT=5 

GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT- NEWMAN -KEULS  TEST  FOR  VARIABLE:  STABILIT 
NOTE:  THIS  TEST  CONTROLS  THE  TYPE  I  EXPERIMENTWISE  ERROR  RATE 
UNDER  THE  COMPLETE  NULL  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 
NULL  HYPOTHESES 

ALPHA=0 . 05  DF=4  MSE=39150 .2 

NUMBER  OF  MEANS  2 

CRITICAL  RANGE  448.805 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 


SNK 

GROUPING 

MEAN 

N 

BLOW 

A 

2196.0 

3 

75 

B 

1633.7 

3 

50 

F  VAL 
12. 
PR  > 
0.02 

] 

1 

I 

1 

1990  ; 


GENERAL  LINEAR  MORELS  PROCEDURE 
CLASS  LEVEL  INFORMATION 
CLASS  LEVELS  VALUES 

BLOW  2  50  75 

NUMBER  OF  OBSERVATIONS  IN  BY  GROUP  =  6 

SAS  11:50  TUESDAY,  MARCH  13,  1990  11 

CONTENT=5 . 5 

GENERAL  LINEAR  MODELS  PROCEDURE 


DEPENDENT 

VARIABLE : 

DENSITY 

DURCE 

DF 

SUM  OF  SQUARES 

mean  SQUARE 

F  VALUE 

DDEL 

1 

0 . 00390150 

0.00390150 

42.25 

RROR 

4 

0.00036933 

0.00009233 

PR  >  F 

ORRECTED 

TOTAL 

5 

0.00427083 

0.0029 

-SQUARE 

c.v. 

ROOT  MSE 

DENSITY  MEAN 

.913522 

0.4081 

0 . 00960902 

2.35483333 

OURCE 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

ILOW 

1 

0 . 00390150 

42.25  0.0029 

5 OURCE 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

3LOW 

1 

0.00390150 

42.25  0.0029 

SAS 

11:50  TUESDAY,  MARCH  13, 

1990  13 

CONTENT=5 . 5 

GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT-NEWMAN-KEOLS  TEST  FOR  VARIABLE^DENSITYise  error  ^ 

N0TE:  S^R^HE  complete  Sull  hypothesis  but  not  under  partial 

NULL  HYPOTHESES 

ALPHA=0.05  DF=4  MSE=9.2E-05 

C^CaTrS'  0.0217957 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 

SNK  GROUPING  N  BL°W 

A  2.380333  3  75 

B  2.329333  3  50 


SAS 


11:50  TUESDAY,  MARCH  13,  1990 


CONTENT=5 .5  C  /„ 

GENERAL  LINEAR  MODELS  PROCEDURE 


DEPENDENT 

VARIABLE : 

STABILIT 

SOURCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

F  vali; 

MODEL 

1 

838508 .16666667 

838508 .16666667 

17. d 

ERROR 

4 

190334.66666667 

47583. 66666667 

PR  >  l 

CORRECTED 

TOTAL 

5 

1028842 . 83333333 

0.013' 

R- SQUARE 

C.V. 

ROOT  MSE 

STABILIT  MEAN 

0.815001 

10.7766 

218.13680723 

2024 .16666667 

SOURCE 

DF 

TYPE  I  SS 

F  VALUE  PR  >  F 

BLOW 

1 

838508.16666667 

17.62  0.0137 

SOURCE 

DF 

TYPE  III  SS 

F  VALUE  PR  >  F 

• 

BLOW 

1 

838508.16666667 

17.62  0.0137 

■ 

SAS 

11:50  TUESDAY,  MARCH  13, 

1990  1' 

CONTENT=5 . 5 


GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT -NEWMAN-KEULS  TEST  FOR  VARIABLE:  STABILIT 
NOTE:  THIS  TEST  CONTROLS  THE  TYPE  I  EXPERIMENTWISE  ERROR  RATE 
UNDER  THE  COMPLETE  NULL  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 
NULL  HYPOTHESES 


ALPHA=0 . 05  DF=4  MSE=47583 . 7 

NUMBER  OF  MEANS  2 

CRITICAL  RANGE  494.788 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT 
SNK 


GROUPING 

MEAN 

N 

BLOW 

A 

2398.0 

3 

75 

B 

1650.3 

3 

50 

I 


general  linear  models 


procedupe 


CLASS  LEVEL  INFORMATION 
CLASS  LEVELS  VALUES 

BLOW  2  50/5 

NUMBER  OF  OBSERVATIONS  IN  BY  GROUP  —  6 

SAS  11:50  TUESDAY ,  MARCH  13 

CONTENT=6 

GENERAL  LINEAR  MODELS  PROCEDURE 


MEAN  SQUARE 
0.00350417 
0.00041017 


SPENDENT 

VARIABLE : 

DENSITY 

bURCE 

DF 

SUM  OF  SQUARES 

iODEL 

1 

0.00350417 

RROR 

4 

0 . 00164067 

ORRECTED 

TOTAL 

5 

0.00514483 

-SQUARE 

.681104 

c.v. 

root  MSE 

0.8553 

0.02025257 

SOURCE 

DF 

TYPE  I  SS 

SLOW 

1 

0 . 00350417 

SOURCE 

3LOW 

DF 

1 

TYPE  III  SS 

0.00350417 

DENSITY  MEAN 
2.36783333 


F  VALUE 
8.54 


PR  >  F 
0.0431 


F  VALUE  PR  >  F 

8.54  0.0431 

SAS  11:50  TUESDAY,  MARCH  13, 

CONTENT =6 

GENERAL  LINEAR  MODELS  PROCEDURE 

STODENT-NEMMAN-KEULS  TEST  FOR  VARIABLE^  DENSITYise  errqf  jRATE 

N0TE:  UNDER^THE  CO*LEtI  NULL  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 
NULL  HYPOTHESES 

ALPHA=0 . 05  DF=4  MSE=4.1E-04 

NUMBER  OF  MEANS  ^ 

CRITICAL  RANGE  0.0459379 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 
SNK  GROUPING  MEM*  N  BLOW 

A  2.39200  3  75 

B  2.34367  3  50 


1990  16 


F  VALUE 
8.54 
PR  >  F 
0.0431 


1990  18 


A 


SAS  11:50  TUESDAY,  MARCH  13,  1990 

CONTENT=6  ■'•//. 

GENERAL  LINEAR  MODELS  PROCEDURE 
DEPENDENT  VARIABLE:  STABILIT 


SOURCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

F  VAL 

MODEL 

1 

124128.16666667 

124128 

.16666667 

2., 

ERROR 

4 

201464 . 66666667 

50366 

.16666667 

PR  > 

CORRECTED  TOTAL 

5 

325592.83333333 

o.i9: 

R- SQUARE 

C.V. 

ROOT  MSE 

STABILIT  MEAN 

0.381237 

11.1331 

224.42407773 

2015 

.  83333333 

SOURCE 

DF 

TYPE  I  SS 

F  VALUE 

PR  >  F 

BLOW 

1 

124128.16666667 

2.46 

0.1915 

SOURCE 

DF 

TYPE  III  SS 

F  VALUE 

PR  >  F 

BLOW 

1 

124128.16666667 

2.46 

0.1915 

SAS  11:50  TUESDAY,  MARCH  13,  1990  1 

CONTENT=6 

GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT -NEWMAN-KEULS  TEST  FOR  VARIABLE:  STABILIT 
NOTE:  THIS  TEST  CONTROLS  THE  TYPE  I  EXPERIMENTWISE  ERROR  RATE 
UNDER  THE  COMPLETE  NULL  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 
NULL  HYPOTHESES 


" 


i 


ALPHA=0 . 05  DF=4  MSE=50366 .2 

NUMBER  OF  MEANS  2 

CRITICAL  RANGE  509.05 


MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT. 
SNK  GROUPING  MEAN  N  BLOW 

i  -3 

A  2159.7  3  75 

A 

A  1872.0  3  50 


IMPENDENT 
}URCE 
DDEL 
RROR 

ORRECTED  TOTAL 


general  linear  models  procedure 

CLASS  LEVEL  INFORMATION 
CLASS  LEVELS  VALUES 

BLOW  2  50  75 

NUMBER  OF  OBSERVATIONS  IN  BY  GROUP  =  6 
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CONTENT=6 . 5 

GENERAL  LINEAR  MODELS  PROCEDURE 

VARIABLE:  DENSITY 

DF 


1 

4 

5 


-SQUARE 

c.v. 

.819189 

0 . 4296 

OURCE 

DF 

LOW 

1 

SOURCE 

DF 

LOW 

1 

SUM  OF  SQUARES 
0 . 00187267 
0 . 00041333 
0.00228600 

ROOT  MSE 
0 . 01016530 


MEAN  square 
0 .00187267 
0.00010333 


F  VALUE 
18.12 
PR  >  F 
0.0131 


DENSITY  MEAN 
2.36600000 


TYPE  I  SS  F  VALUE 
0.00187267  18.12 


PR  >  F 
0.0131 


TYPE  III  SS  F  VALUE  PR  >  F 

0 . 001  877.67  1«  1’  n  n1^ 
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CONTENT=6 .5 

GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT -NEWMAN -KEULS  TEST  FOR  ^^I^XPERIMENTWISE  ERROR  RATE 

;;0TE:  ™T?he  cKte  null  hypothesis  but  not  under  partial 

NULL  HYPOTHESES 

ALPHA=0.05  DF=4  MSE=1 . 0E-04 

NUMBER  OF  MEANS 
CRITICAL  RANGE  0.02305 

-w  mot  SIGNIFICANTLY  DIFFERENT. 

MEANS  with  the  same  letter  are  not  S I GN 

_  mean  n  blow 

SNK  GROUPING  ^ 

A  2.383667  3  75 

B  2.348333  3  50 


S  AS 


11:50  TUESDAY,  MARCH 


CONTENT=6 . 5  _  /, 

GENERAL  LINEAR  MODELS  PROCEDURE 


DEPENDENT 

VARIABLE : 

STABILIT 

SOURCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

MODEL 

1 

429872 . 66666667 

429872.66666667 

ERROR 

4 

386127.33333333 

96531.83333333 

CORRECTED 

TOTAL 

5 

816000 . 00000000 

II 

Nj 

iyyo  22; 


F  VALUE  ■ 
! 

4 . 45 
PR  >  F 
0 . 1025 


R- SQUARE 
0.526805 


C.V. 

19.1197 


ROOT  MSE 
310.69572468 


STABILIT  MEAN 
1625.00000000 


SOURCE 

BLOW 


DF  TYPE  I  SS  F  VALUE  PR  >  F 

1  429872.66666667  4.45  0.1025 


SOURCE 

BLOW 


DF  TYPE  III  SS  F  VALUE  PR  >  F 

1  429872.66666667  4.45  0.1025 
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GENERAL  LINEAR  MODELS  PROCEDURE 

STUDENT -NEWMAN-KEULS  TEST  FOR  VARIABLE:  STABILIT 
NOTE:  THIS  TEST  CONTROLS  THE  TYPE  I  EXPERIMENTWI SE  ERROR  RATE 
UNDER  THE  COMPLETE  NULL  HYPOTHESIS  BUT  NOT  UNDER  PARTIAL 
NULL  HYPOTHESES 


ALPHA=0 . 05  DF=4  MSE=9653l . 8 

NUMBER  OF  MEANS  2 

CRITICAL  RANGE  704.735 

MEANS  WITH  THE  SAME  LETTER  ARE  NOT  SIGNIFICANTLY  DIFFERENT 


SNK 

GROUPING 

.3 

MEAN 

N 

BLOW 

A 

A 

1892.7 

3 

75 

A 

1357.3 

3 

50 

MDT  Library 


3  9526  01019885  0 


M 


i 

